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CHAP TER I 

ORIENTATION TO THE ST UD Y 

Intr o du c t io n 

The r e lative ab und an ce of r ese ar c h li te r at ur e r el a te d 

to me n ' s track a nd fi e ld i s s harp l y co n t r aste d by th e la c k 

of s imilar i nv e stigati o n s involvi n g wom e n . Rece nt ly , 

i nte r e st i n natio nal a nd in te r na ti ona l co mp e · t io n f or 

wome n ha s s een an as soc ia te d incr e a se in th e numb e r of 

st udi es o n wom e n parti c ip a nt s . 

Nikolay Os oli n (1 971) st a te d t ha mo ve me nt s pe r fo rm e d 

at the same speed a nd rhythm r e a c h t he st ag e at whi c h a 

f urt he r i nc r ease i n s pee d d oes not see m possi b le . Osoli n 

a l so r e po r ted t ha t c o ns tan t r e pe itio n s of mo ve me n t c ycles 

at a high sp ee d may d e velo p an au to matic pat e rn of n e rv o us 

processe s t hat be c om e set i n t he n e rv o us s yste m. If t h i s 

hypot h e si s i s tru e , it ma y be ha t a s pee d barrier d e vel ops 

an d t hat t h e at h l ete may fail to mak e any f ur t he r imp ro ve ­

ments in pe r f o rmanc e . 

Both maximum ve loci t y and s pee d e ndurance ar e qua l i t i es 

whic h contribute t o the ove ra ll effecti ne ss of r un ners . 

Rese ar ch ccnd ~ c t e d by Ed win Osol in ( 197 3) indi c a te d that 

variation in speed app e ar e d t o b e o n e o f t he best met ho d s 



2 

to d e velop th e compon e n ts of s print i ng, par tic u la r l y s pee d 

e ndura nc e . Th e met ho d see me d to be most s uccessf u l when 

se ve ral s pee d va r iatio n s were included i n e a c h r e petitio n 

of t h e training exe r c is e . 

Purpose of t h e St udy 

Th e purp o se of t he s t udy was o d e t e rm i n e if tru e 

ve loc ity and pe r ce iv e d velocity we re th e same wh e n va riab le 

spee ds we r e run o ve r a s peci fi e d di st nee . A seco nd ar y 

p u r pose of t he re se ar c h wa s to i nv esti gat s t r i d e le ng h 

an d st r id e r ate wh ile t h e var ia b le s pe d s we r e bei n g r un . 

Thi s wa s do n e i n o rd e r to d e t e rmin e if a nd wh e n c ha n ge s in 

v e l oc i t y oc c u rr e d . 

Sta te me n t o f th e Pr obl m 

Th e inv es tigat io n com par e d pe r ce iv e d ve locitie s of 

se ve n- eig hth s , two - t h i rd s , and o n e - half o f maxim um veloci y . 

N i n e female s who we r e me m be r' s o f he 1976 - 7 7 Te xas\ oman ' s 

Uni ve r s ity t r ac k team serve d as s ubj ects . The d ata col -

l ec tion phase o f t h e study took p lace durin g ay , 1977 , a t 

t he Te xas Woma n' s Univ e r s i t y in Denton, Texa s . 

Dat a we r' e co llecte d u s in g photo - electric cells , e l ec ­

tric timers , a nd ci n e mat o graphy as the f emale runn e r s pe r -

formed a se ri es o f 60 m fly - ins . The res u lts were ana l yze d 

in o rd e r to det e r mine : ( a ) if o e r ceived v e loci~y vas th e 

same as tru e velocity whe n ru n n ing at va r iable spee d s , and 
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(b) if ther e we re diff e r e nces in stride lengt h and st r ide 

rate when running at variabl e s pee d s . 

Hyp otheses 

Th e s pec ific purpose of thi s s tudy was to te s t t he fol ­

low ing hyp ot heses at t he .05 l e ve l of s ignifican ce : 

I . Th e r e i s no s i g n i f i can t d iff e r e n c e in p c r' c e i v e d 

ve locities a nd tru e veloc ities of run s p e r formed at o ne -half 

of maxim um s pee d . 

2 . Th e r e is no si gnif ican t di f f ere nce i n p r ceive d 

velocit i es and t ru e ve lo c ities of run s p r forme d 

t h i rd s of maxim um s pee d . 

t two -

3. Th ere i s no s ignifi cant d iffer e n c in p rceived 

veloc ities and t ru e velocities of run s per a rmed a s ve n ­

ei ght h s of maximum s pee d . 

Th e secondar y p urp ose o f t he st udy wa s to i nvestig a te 

s t r i d e l e n g t h , s t r id e r ate , and v e l o c i y f t' om a n em p i r i c al 

v i ewpoint . Th e following q uestio n s e r e of i n tere s t : 

4 . What are t he var iations in strid e le ng t h o ve r t he 

60 m fly-in? 

5 . What are t he variations in s trid e rate o ver the 

60 m fl y-in? 

6 . What ar e th e variati ons in velocit y o ver the 60 m 

fly-in ? 
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De finiti o ns a nd /o r Expla natio ns of Te rm s 

For the purpose of cla r ificat io n, the followi ng d efi ­

nit io n s a nd / o r e xplan atio n s we r e est a b li s he d fo r use i n t h e 

st ud y . Th e te rmin olog y u se d was co n s i ste nt wit h th e r e -

sea rc h e n co un t e r e d i n t r ac k a nd fiel d, bot h i n t h i s co un try 

an d a br oad; howe ve r, ce r tai n t e rm s may have s lightly dif fer ­

ent or mo r e detaile d d e fi n iti o ns wh e n use d by t hose in t he 

area of bi omec h a n ics . 

Fl y-i n 

A 60 m run be ginn ing fr om a s ta nd ing posi i o n fiv 

yards be h i nd t h e sta r ti n g li n e . 

Pe rc e i ve d Ve lo cit y 

Pe r ce iv e d velocit y r efe r r e d to t h e s ubj ec t ' s actual 

recor d e d tim e fo r t he variabl e s pee d s of o n e -half , t wo ­

thir d s , and se v e n- ei g ht hs . 

Calc ul ate d Tru e Velocity 

The calc u lat e d t ru e veloci y for one -h a lf s pee d wa s 

comput ed f r om t he s ub ject ' s maximum r ecor d ed time for t he 

60 m f l y-in wh ich wa s mul ti pli e d ~y 2 and then divid d by 1 . 

Th e cal c u late d tr ue vel oc i ty fo r t a - t h ird s spee d vas com ­

pu te d fr om t he s ub ject ' s maxi mum r ecor d e d t im e for th e 60 m 

fly- i n wh ic h wa s mu lti p lied by 3 and t he n divided by 2 . 

Th e subj ect ' s ma xim um r ecorded ti me for the 60 m f y- in was 

multipli e d by 8 and t h en d i v id e d by 7 to arri ve at the c al ­

cul a t e d tru e veloc i t y fo r seven - eight hs s pee d . 
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Elec tric Tim e r 

The electric timer , d e velo p e d by Ele ct r onic Ideals, 

I n c ., of De nt o n, Texas , co nsisted of seve n dig ital c l ocks , 

all of wh ich were started sim u ltaneo usl y when th s ubj ec t 

pas se d t he first digital cloc k at t he s tart of the 60 m fl y­

i n. Eac h of the ot h e r d igital cloc ks , i n t u rn , r egiste r e d 

the time at t he 10, 20, 30, 40, 50 , and 60 m marks . 

_Ci nematograp hy 

" Cin e matography inv ol ves t h u se of t he mot io n pi ct u r e 

came ra to r eco rd mo tio n for th e s ub se q ue n t k i nes iological 

ana lysis " (Loga n & McKinn e y, 1970 , p . 1 95) . 

S tride Le ng t h 

Th e inve s tiga to r acc e pt d th d efinition of Sloc um and 

James (1 968) , who state d t hat s trid e leng h i s d e fin e d as a 

c y cle of motio n whi c h sta r ts wh e n on e foot s rik es t he 

grou nd. The c ycle ma y be d esig nate d a righ t or left s trid e . 

For the purpcse of thi s st ud y , stri d e l e ng t h r efe r s o t ha t 

hori zo ntaJ di stanc e as meas u r e d be twee n co n t a c t of t he ball 

of the ri g h t foot to c ontact of t he ball of 

Stride Rate 

h e left f oot . 

Wh ile sprinting, th e l e g spee d d e t e rm i n e d by st rid es 

per second . 

Variabl e Spee d 

For the pur~ose of t h is study , va ria b J~ speeds referred 

to r un s performed a t ciffercn t sm pos , in cl uding one -h alf , 
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t wo- t h irds , a nd se ven - ei gh t hs of t he maximum performed time 

of eac h r unn e r . 

Spee d End u ra nce 

Th e ability to mai n tain a specifi c ve loc ity for a give n 

time o r d istance . 

Ma xim um Velocit y 

High est r ate of ve locity a r unn er can ge n e rat e . 

Delimitati o n s of t he S tudy 

Th e stu dy wa s s ubj ect to th e following d limit ti o n s : 

1 . The coo p e r ation o f t he fe male runn e r s o f he T xas 

Woman ' s Univ e rsity track t e am wh o s rv e d s s ubj ec s . 

2 . Th e deg r ee to wh ic h en v ir o nm e ntal c o ndi io n s r e ­

maine d co nstant . 

3 . The validity an d r e l i ability of the in s ru me n s . 

4 . Ni ne h ighly s killed f e mal e runn e r s wh o e r e und e r ­

graduat es at t he Texas Wo man ' s Univ e r sit y . 

5 . Th e va riab le s pee d s we r e base d o n t he maxim um wl1 ic h 

wa s t he fir s t fl y- in pe r fo rme d o n th e d a y of d a a collec t io n . 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

An examination of th e lite r at ur e i ndi c ated that th e 

inves tigation d i d not dup licate a n y pr e v io us r esearc h on 

fe male s ubj ects . A r e vi ew of t he r e lat e d lit r t u re pe rti-

nent to the st udy i s pr ese nt ed i n thi s c hap er . The r e vi ev 

is di v i d e d i nto t hr ee sect i o n s to pr ese n t th e lit e ratur e i n 

appro priate gr o up i ngs . It s ho u ld be no d he r e that t h 

inves tigator· fo und most of h r lated li e ratur o be 

aut horitative in nat u r e ra her th n r ese ar c h o ricn ed . 

Chapt e r II is d i v i d e d into he fol lo wing seclio n s : 

(a) Res e arch St ud ies o n Perceived Exer io n, (b) Author i t-­

ti ve Opinion s , a nd ( c) Other Re sea r c h St ud i s . 

Resea rch Studi rc e ived Exer io n 

Ekb lo m and Goldbarg (19 7 1) st udi d the i f l uence of 

phy s i cal traini ng on the s ubj ecti ve rating of percei ed ex ­

e rti o n. Th ey belie ve d that an i~portan questio n for work 

p hysiologi sts and psychologists as ho an individ ual per -

ce ived the amo unt of work he •as perfo rmi g . Thus , a st udy 

was cond ucte d to a na lyze the effects of an 8 - week period of 

ph ysical training o n p6 rc ei ve d ex rtion . 

The subj ects were 8 male s ub jec s between the ages of 

7 
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21 a nd 32 ye ar s . Ex e r cise t es t i n g was d o ne o n t he bi c ycle 

e rgo mete r a nd wo rk l oad s we r e c hose n to d e ma nd a ppr oxi mately 

25, 50, 7 5 , a nd 100% of t he ind i v i du al ' s maximal ox y g e n up-

take be f o r e a nd a fte r t r ai n i n g . I n a dditio n , afte r t r ai nin g 

t he s ub j ects perfo r me d t he wo rk load wh ich wa s h is maxi mum 

bef ore t he tr ai n i ng be ga n . Tr aini n g c on s i s t e d of 8 we e ks o f 

p hysical co nd itio nin g . Th e phy sica l con d iti o n i ng co ns i s t e d 

mos tl y of o u t d oo r c r os s co un ry ru nn ing and t he s ub j ec ts 

tra i ne d f r om 5 to 7 days pe r wee k . 

Th e f i nd i ng s of t he s t ud y i ndi c ate d t ha t maximal o xyg e n 

upta ke in c r ease d f r om a me a n val ue of 2 . 90 1/ mi n . befo r e 

trai ni ng to 3 . 35 1/ mi n . af te r t r ai n jng . Fo r a giv n s ub -

maxi mal ox y ge n u p take , he art rat wa s ab o u t 1 5 beats/ min . 

lowe r a fte r the t r ai n i n g compared to befo r e he t raining . 

Maxi mal he ar t ra te wa s u nc hang e d . For oxygen uptak at s u b -

maxi mal wo r k lo ad s , t he rat e of pe rc ei ve d exe rti o n wa s 1 . 5 

to 2 . 0 po in ts lo we r aft e r t he training , but th e max im um r e ­

mai ne d u nc ha n g e d . Re l a t e d t o r elativ e oxy g e n uptak e (oxyg e n 

u p t ak e in pe r ce n t of maximum befo r e and a fter trai ning ) o r 

hea r t r a te , pe r c e iv e d exertio n was th e s am e befo re and aft e r 

t he t r ai n ing . 

Th e i nv esti gat o rs concl ud e d hat in t he p hys i cal tra·n -

i n g e xp e r iments the pe rceived exertion f or a gi e n submaxi -

mal l o a d wa s sign i fica n tly lowe r aft e r t he training . Ek b l om 

a n d Go l d barg be l iev e d that th i s i s importan t to co n s id e r 
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si n ce a g ive n wo rk ta sk i n dail y li fe a cti v it y , s uc h a s 

ma nu al wo rk, wi ll be perceiv e d e a s il y. Th e y f urth e r r e -

port e d tha t if p e r cei ve d e xe r ti o n i s r elat e d t o t he r e lat i ve 

ox yge n upt a ke o r hea r t r at e , t he pe r cei ve d ex e r t i o n wi l l be 

the s a me befo r e and aft e r t r a i n i n g . The e xp l na t i o n giv e n 

for t he l ow e r s co ring at a gi ve n lo ad a f t e r trai n i ng wa s 

sta t e d to be f o und i n t he r el a ti ve le sse r st r i n o n th e 

car d io -r es pir a t o ry s yste ms a nd i n t he i mp ro ve d f un c ti o n of 

t he wo rking mu s c l e s . Th i s wa s fo u nd to be r efl c te d i n t he 

lowe r ox y g e n d e fic i t a nd b loo d lac t a t c o nce n a io n . 

B o r g a nd No b 1 e ( 1 9 7 4 ) s ta t e d " t h t t h e p c r' c p t i o n o f 

e xe rtio n i s a d i r ec t i ndi c a t o r of he d e gr o r ph y sic a l 

s t r ess a nd a n ind i r e c t o ne of t he p hy s i c a l vo rk· n g c apaci y" 

( p . 1 50 ) . Meas ur e me n ts of wo rk i ng c apac i t y h ve bee n c a l -

c u late d f r om r ati ng s of pe r c e i ve d e xe rti o n du ri ng rg ome e r 

wo rk a nd we r e f o und t o be bot h r liab le an d val i d . On e 

s uc h s tudy wa s d o ne b y Bo rg a nd No b l e wh o were co nce rn e d 

wit h wor k of s ho r t du ra tio n ( l e ss t ha o ne mi n u te) . Th e 

e xpe r ime n t was pe rf o rm e d o n 20 male s ub j ects at a pe dali ng 

r at e of 60 to 65 rpm . Du ring eac h test t he s u bi ec t s ~ e re 

in st ru ct e d to pe da l f or 30 sec . du r i ng h i c h tim e t he vo rk 

lo ad wa s c on t inu all y incr e a se d f r om 0 to 20 0 0 kpm / min. A 

s pe c ial e rg ome te r wa s u s e d wi h a n e le c tr o ni c b raki g s ys -

t e rn. Th e wo rk l o a d o n t h i s er go me t e r c o u l d b e in c r e a se d o r 

d ec r e a se d fr om 0 to 500 un it s / sec . 
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Each s ubject was e val ua ted twice . The test incl ud ed 

bot h ascen ding and d escending series . Imme d iately follow­

i ng, t he s ubj ects r e porte d their perceptions of t he cha ng e 

in wo rk lo ad according to the following t h r ee ratings : (a) 

t he wo rk c han ge d mo st rap idl y at th be ginning , (b) th 

wor k load c han ged con st antly , or ( c ) t he work load c hanged 

mo s t rapidly at the e nd of the wor k . 

Th e find i ng s as reported by Bo r g and Noble in d icated 

tha t when th e work load increa se d as he 0 . 4 or d ee r a se d 

as t he 0 . 6 power of time t he variation w s judged o be 

li near . Th e mea ns for the combined ascend i ng nd d esce nd-

ing se ri es we r e 1 . 8 for test 1 nd 2 . 0 for est 2 . Th e in-

vest igators report e d t hat t hi s me ho d , which us d only 

th r ee rating catego ri s and no numb r s , r e vealed s lightly 

hig he r expo ne n ts tha n ot h e r met hod s . 

Au thorita jve Opinio s 

In the track and field world , Coach Valen ine 

Petrovskiy (1 973) introduced t he " Brave o rld of Sprint -

ing" (p . 17). In hi s article , Petrovskiy describ d he 

t r a ining regim e n of Va leriy Borzov . The traini g and tec h--

n ical analyses we r e condu cte d for a 6 - year pe ri o d prior to 

t he time t he Soviet spri nt e r on th e 100 ~ rac e at the 1 972 

Olympic Gan1es he ld in uni ch , Germany . Valeriy Borzov be -

came a 10 . 0 sec . 100m spri n~ e r, ua c ked by a team of 
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scie nt ist s who ha d d ecid e d ma t hematically how he was to 

f unct ion. During t he co ur se o f t r aini n g , test exe r cises 

wer e us ed y e ar - r o und to determi ne t he c ha n ges i n Borzov ' s 

sta t e of pr e para t i o n a nd t o jud g e t he effective ness of co n-

diti oning t ec hniq ues . Differe nt tr aini n g met ho d s were use d 

to acc ompli s h t he s pecifie d d egree of ru nni n g veloc ity a nd 

en du r a n ce . Specif i c e xe r cise s , run nin frac io nal d i s tances 

at max imal a nd nea r - ma ximal veloc ity, and r e peat r un s o ve r 

f ract i o n s of t he r aci n g d j s tance fro m bot h blo c k a nd flyi ng 

starts were al l pa r t of t he over 11 rainin g p te r n . 

Trai n i ng wa s i n te nd e d to d e velo p and m i n ain the s tar ing 

s pu r t , max imum ve l ocity, a nd s p e d e nd u ran c 

Th e r e ha s bee n a r ec n t u ps u rg e in s printi n g pe rf o r-

mancc in F in land . Ot a so n (1976) r e por e d hat a ma r in-

te nse pr o gr a m of a nae r o b ic e ndu ran ce t r ining co u ld b the 

reaso n for t hi s up s u rge . Th e t r aining program h ic h 0 a so n 

recomme nded incl uded t he folloving : 

1. Te mpo ru n s o ver 60 to 600 m (60% to 90% ef for 
wit h wal k back r eco ve ri es of 2 o 6 min . o r e du ce 
th e pu lse r ate to 1 20 .. 

2 . Re pet i tion ru ns over 60 to 600 m (60% o 100% 
ef f o rt) wi t h f u ll rec o ve ri es o ve r a n averag e of 
ab o u t 8 to 10 min . 

3 . Te mp o i n terval r un s over 100 to 300 m (60% to 95% 
e ff ort) wit h j o b bac k reco e ies . 

4. In te rva l s p r i nts ov e r 100 o 800 m: i . e . , 30m 
fa s t , f ollowed by 30m r elaxe d . (p . 1999) 

Go s t a Holmer ( 1 97 2) , th e cele brat ed Swe d is h co a c h , 

e s t a bli s he d t he i nformal fa s t an d slov c r oss co untry 
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runn i ng known as fartlek dur ing t he 1940 ' s . Holmer use d 

vari a ble s pee d s in hi s traini ng pr ogram s . Two times p e r 

wee k, o ne - quarter a nd o ne-hal f raci ng t e mpos we r e alter ­

nate d in t he work-o u t . Du ring th e las t month , o ne -half to 

Lhree -quart e r rac ing tempo s wer e use d . Ho lm e r r e po rt e d 

tha t it was vi tal to be a we ll d e velo pe d runn e r befo r e var i ­

able s p eed trai n i n g can be s uccess f u lly u ilized . 

Karob li s , Kra s ait e ne , and Krasa iti s (1978) stated t ha 

"di ffe r e n t vo lumes and int e n s iti es of t r ai n i n g wo rk a e th 

ins t rume nt s t hr o ug h which th f un c ti o nal c hang s aim e d a 

de v lopme nt of s pec ifi c moto r qualiti es ta ke pl ce " 

(p. 2336) . Te mp o runn i ng is on e met hod use d i n U. S . S . R . 

Te mpo running i s t he r u nn i ng of d istances fr o m 6 o 1 2 km 

at a s teady , h igh t e mp o . I n e mp o runn i ng, h e mov e me nt 

coo rdination and f unc t i onal a nd e ne rgy a dju s me n ts of t he 

body s y stems tak e plac e again st acc umu lating fatigue , i n 

co ndition s that ar e as clo se a s po ssi b le to compe ition . 

Th e time for men , in t he pr e paratory pe riod, ~as 3 : 20 

to 3 :30 mi n. per km (depen ding o n t h e co di ion of the run -

ner) , and fo r' women , 3 : 50 to 4 : 00 mi pe ,~ k . The investi -

gators r eport e d t ha t s u c h runn i ng facilita e d d e velopment 

of t he s pecif ic e ndu ranc e nee d e d by long d istan ce run ners 

and wit h mi n irr.al use of anae robi c e ne rgy so 1.1r, ces , im p ro ve d 

t he ci r c u lato ry s y s t e m gradually and steadily . It al s o 

incr eas e d the pow e r pote n tial of e n e r gy co nv e r s i o n . 
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Ka ro bl is et al . (1978) s ugg ested t hat tempo runn ing be u se d 

two t imes a week in the pr e parat or y pe riod an d once wee kly 

i n the competition pe ri o d . 

Tabashchnikov (1979) r e po r te d t ha t an a na l y sis of t he 

c ree r s of world l eading s print e r s s howe d thai be st pe r for ­

ma nces were r e ach e d after 8 o r 9 y ar s of t r aining . It 

s e e me d to be a charact er i stic of mo s t s prin te r s to achi e ve 

relat i vel y fa st tim es ea rly i n th e ir care r s and t he n level 

o ff o r improv e only slig h l y. I n tt e mpting to e xplain 

this s udd e n stagnan c y aft r a n ea r l y p omising s tar 

Tabas hchnikov came to t he co ncl usio n h t il was ca used by 

poor long rang e pl a nn i ng and mis un der s a nd ing o f b sic 

sp ri nt training prin c iple s . Ma ny yo ung s rin te r s lac k 

prope r all-round physical co nd itio n i ng. In s ead or f ol l ow ­

ing a plan to r e a c h to p performanc es a an o p imal ag e , 

t he y hav e become vi ctims of a rush to pr o du ce fast times as 

earl y as possible . 

Tabash c hn ikov r e ports t ha t a cco rding o Sche ay e v ' s 

st udi es , young So v iet sp rin ters have ma y s ho r co ming s . 

Typi ca l is the unb alanced streng h d e velo pm e nt of di ffe r e n 

muscle group s and po o r leg power ; bot h aff ec t th e sta r t and 

acceleration phase . 

Much ha s been wri tte n abou the dang ers o f forc e d 

training pr ocesses t hat ar e aim e d to ard rapid improv eme n t , 

but it appears that coaches ha ve taken little notic e of 
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thi s . Most are looking fo r immedia te s uccess ra t he r tha n 

fut ure dev elopment ; t he y, therefor e , contin ue wit h t he o l d 

tr a ini ng met hod s . Oth e r s have c hanged to an e xtr e me e mpha­

sis o n all-round physical co nd itioni ng in whi c h t he athle es 

per fo rm cross co untry run s and a r e involved in a large 

qua nti ty of jumpin g a nd re sistance exercises . Th e running 

mile age i s ma d e up of 150 to 300 m but t he inte n s i y i s ke p 

at a low lev e l. In s om e case s , s pe e d trai n i n g has bee n co m-

plete ly ig no r e d for a s long a s 6 mo n t hs during t h pr e para­

t i on p hase of trai n ing . Th is typ e of training d o s no t s up­

por t th e accepted t heory of adap a ion whic h r quire s a 

ca ref ully adju ste d train i ng load and i n t e n s it y for co nc r ete 

res ults . 

Tab s hc hn i kov agr ees wit h Pet r o vs kiy in hat a larg e 

amo un t of running performed below he comp e itiv e s pee d ad-

justs t he orga n ism to pe r form ac c ordingly . As th e r es u lt , 

the pot e n ti a l s pee d is not achi e ve d. According to 

Petrovs kiy, sprinting and s pee d exe r cises were esse n ial in 

t he developm e nt of sprinters , par.ti c ularly af e r f o ur o 

five years of trai ning i n t he 18 to 19 age rang e . He felt 

it was esse n tia l during the se ag es to d e ve l o p st r en gth and 

p owe r by usi ng s pr i n t specific me thod s and to av o id mon o to ­

nou s r e petit ion s of t he same type o training . Pe r o vs kiy 

r ecomme nd s : (a) va rie d re sistance ( uphill and d o nhill) 

sp r~ inting, (b) chang es in t he running rhythm , and 
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( c ) s t art i n g and accele r ations to be incorporate d i n to the 

tr a i ni ng program. 

Neel (19 80 ) stat ed " t hat t he goal of any s printer i s 

L ,) a c c e 1 e rate t he body to a max i mum v e 1 o c i t y i n a s t r· a i 9 h t 

l ine, and maint ai n uniform motion for a maximum time 

pe rio d " (p . 6) . Th e hu man bo dy i s extremely co mpl e x , how -

8Ve r , wit h many typ es of forc es ( c he mical , phy sical , bi o -

logica l , me ntal, a nd environmental) acti ng o n h e s pr in e r 

a s so o n as he/s he is in moti o n . Nee l be li e ve d tha d e p ' nd-

i ng o n t he s um total of th se forc es , t h individua l wo u ld 

conti nu e to acc e l e rat e in a straig h line if th force s 

were balanc e d, or be gin to d ecelerate if co n f r o nt e d by un­

bala nce d forces: 

Accor d i na to Neel ( 1 980) , the s prin e r mu s be aware 

of t he biomec hanical prin c ipl es involv e d in establis h ing 

correc t runn i n g f o rm . Th e factor s hich t he r esearc he r 

fe lt to be co nsidere d were a s follo ~s : (a) Th e posi io n of 

t he pel v is is t he key to postural control in s pr i nt i ng . 

The antero/ poste ro r otation of the pel vi s co n trols th e mo -

tion o f the l umbar spine , th e d egree of flexion of the high 

relative to t he ground , and the degr ee of o u ·ard r otation 

of t he h ip . (b) Th e lower lumbar ve r te brae , sac rum, pelvis , 

t h i g h s , an d 1 e g s p r o v i d e t h e 1 e n g t h , p o e I' , an d m o t i o n t h 2, L 

i s ne c ess ary for s prin t ing . (c) Th e smoothness and e i -

c i e r1 c y c f the stride a I' e the re s u 1 t of min i ma l bo dy 
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d i srl ac eme nt in the sagittal plan e (front to bac k) . Th e re 

i s max imal forward displace me nt at takeoff, and minimal d e -

c elcration by the leading l eg at foot s trik e . (d) Th e po -

si t io n of th e trunk s hou l d be erect, as thi s fa vor s t he 

f la t - backed po s ition of the lumbar s pin e i n pr e pa ra t i o n fo r 

t akeo ff . It require s l ess effo r t i n mai n taining post ur al 

e quil i brium, provid es fr ee moveme n t of t he scapu la , an d 

th us f r ee mov e me nt s of th e ar ms . (e) At th e co mpl etio n of 

th e reco ve ry stroke, the hi g he r th e kn ee i s l ifte d t he 

g r ea te r th e distanc e the foot can trav e l i n it s ba c kwar d 

move me nt to the track and th e gr eate r fore it c an appl y 

( consi d e r e d the po we r st r oke) . (f) From a b iomec hanical 

vi ew poi nt, the s printer wants to get t he bo dy to mo ve at 

th e maximum pos s ible speed during e a c h thru s t i n t he cor ­

r ec t dir ect ion . 

Schmolinsky (1 978 ) defi ne d s pee d a s " th e abili y o n 

t he basis of t he mobility of th e nervo us s y s em a nd mu sc u­

l ar ap paratu s , to perform movem e n ts at a ce r tai n veloci y . 

Phy s ically, velocity is ex pr es se ~ by th e formula : 

chang e in di st an ce 
II ( p • 38) • Ve locity 

chan ge in t im e 

Th o r o ugh analyses ha ve s ho wn that po siti ve o u comes in most 

s por ts e ve n ts we r e achi e ved by an a c c ele ra t io of t he bod y , 

which means that spee d pe r un it of time as constantly in -

creased. Acceleration was obtain e d by the coordi n ated 
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s tr engt h and development of variou s mu scle gr o up s having im ­

par ted the highest possibl e s pee d to t he body of t he a t h-

l e t , . 

Schmo linsky report e d t hat s pee d is a f un ctio n of st rid e 

l en gth an d stride frequ e ncy; t he athl ete who wishes to gain 

sp eed will either tak e long er stri d es , st rid e fast r , or 

use a combi nation of the two. Th e c urv e of st r i d e len g t h , 

a s rep orted by Sc hmolinsky, illu str a te d t hr ee d ef init e 

ph ases : a phase of high acc e l e r atio n, a r ela ivel y co n-

stant phase, and a phase of r e n ewe d acc ele rati o n . Th 

du r at io n of the first phases ( s tarting se c ti o n ) wa s clea r Jy 

d epen dent on the runner's lev e l of s kill . To p s prjnt e r s 

in c r e ase d their strid e l e ng t h up to 4 5 m, whe r e as u n t ra i n ,d 

ru nne rs came to the constant phase a s earl y as 2 5 m. In 

all s printers this phase e nd e d af ter 9 2 to 93 m. The gr at­

er st rid e length durin g th e t h ird stage (t h e last 3 or 4 

strides) refl ected th e runn e r' s e nd e av or to co un teract h 

lo ss of speed. 

The curve repr esenting th e ~t r ide freq ue ncy also i di -

cated thr ee phas es : th e phase o f maximal ac cele ration , he 

phase of gradual dec eleration, and the ph ase of greater d e -

c e leration. The inv est ig ator r e ported that the wid el y ac -

c epte d notion that whil e pe r forming th e 100 m d ash the 

sprinter r eaches the h ig hest stride fr equenc y during th e 

first strides i s wrong. Th ere was a d ifference bet\ee n 
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beg i nn ing and top level performers relativ e to t he poin t at 

wh i c h maximum speed was attained. Beginn ers reach e d ma xi -

mu m spee d after as littl e as 10 to 15 m, whereas top pe r -

f or mer s reached it after 2 5 m. Durin g th e seco nd s tag e , t he 

cu rve for all runn e r s was s imilar, howe ve r , t o p pe rf orme r s 

sh owe d t he least decrease in fr eq ue nc y. During the third 

ph ase t he greater d ec r e a se in fr eq ue ncy app e ar s be tween 90 

to 95 m. The investigator r e por te d tha t t h i s ph n ome no n 

wa s re lated to the l e ngth e n ing of s tr i d es over th e fi n l 

stret c h . 

The variation s i n s pee d in th e 100 m rae can l so be 

subdiv id ed into three phases : th e a cceleration , t h maxi-

mum s pe e d, and th e reductio n in s peed . I n t he pe r fo r man c 

of 100 m spri nt s , s pee d actually i ncrease d to th . max·mum 

followe d by a sli ght slowdown . Th e mo st s r iking di ·fe r ­

e nce be tween spe e d curv es of experience d and l ess experi ­

enc e d runn e r s was that a c cel e ra tio n durin g the sta r ting 

ph ase was mu c h mor e ma rk e d in t h e top perfo rme r s . Furt he r -

more , th ey were in a po sit i o n to conti nu e o ace le ra e 

whil e be g i nners had alr eady r eac he d maximum s pee d . Th e 

s witc h t o thi s s tag e wa s betwee n 22 to 35 m d e pe ding u pon 

the ability of the ind ividual . Th e di s tanc e to the stage 

of maximum speed al so var ie d . Be ginners reach e d maximum 

s pee d a t ap pr oximate ly 20 m while mor~e experienced ru nners 

r eached maximum spee d at 45 m and abov e . Sch olinsk y i s 
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i n ag re ement with the wid e ly ex pr esse d opinion t hat the 

speed of a top performe r i s ac hi e ved up to 70 m and th e n 

sp eH d en durance becomes a decisi ve factor for th e last 30 m. 

There fo re, the length of the ph ase of d ece lerati o n d ep e nd s 

on t he ability of the s prin te r. 

Sc hmolinsky (1978) r e po r ted o n the r e lation s h ip be ­

twee n strid e length, st rid e freq u e n cy , and runn i ng s pee d . 

It was stated that ex perie n ce d runn ers a c hi e ve d gr e at e r 

s pee d by increas ing bot h le ng t h a nd frequ nc y of s r id e . 

Th e re were only gradual dif ferenc es fr o m o ne runn e r to an ­

oth e r with r egar d to qualitati ve c hang es in the l e nglh and 

fr eq ue nc y of strides . During training, too mu c h e mphas i s 

has bee n put on the increase of s trid e length and fr e q ue nc y . 

Mor e emp ha s i s s ho u ld be put o n t he d e ve lopme n t o f e xpl o s i ve 

strengt h in the mu scles , t hu s all owing the athl e t e t o tak e 

longer st rid es in a s horter time . Th e slow-down in t he 

seco nd half of t he 100 m may be co nsid e r e d a s an up se t 

balance i n t he s tride rhy t hm (length a nd fr e q ue n c y o f 

st rid es ); th e r easo n for t hi s wa s r epo rt e d by Schmo lin s ky 

as being a dec r ease in strid e f r eq uency . It wa s a lso noted 

t hat the d ec r ease in stri d e fr e qu e nc y a s vir t ua l ly ind e -

pe nd e nt of the skill le vel of t he runn er . Exp e r ien ce d ru -

ners were better equipp e d to a ccommodat e th e fa ~ ig u e f a c~o 

which t e nded to lower perf o rman ce time by l e ngth e n i n g ttle 

st ride some what du~ing t h e secon d hal f of the di s t a nce . 
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Acc·;rdi ng to Schmolinsky, a quest ion arises as to " whet h e r 

a d ec rease in stride frequency in top p e r forme r s must b e 

r egarde d as unavoidabl e or wheth e r th e r e a r e training mean s 

b y whic h a consistent stride rate thro u gh t he fini s h can be 

a chieved" (p. 124). 

Sc hmolinsky (1978 ) furth e r r epo r te d that based o n the 

speed patt e rn of 100 m s prin ts two fo rm s of ru nni n g s lw u l d 

b e practice d in sprint worko u t s : 

Running to impr o ve ac ce l e r atio n 
--Crouch or high sta r t wit h bur s t s o v e r 20 to 40 m 
--Games r e quiring stro ng a cceleration o v r ? 0 to 0 m 
--Bur s t s o ve r 20 to 40 m, from walking or j oggi ng 
--Long jump run-up s 
--Rel ay starts o ve r 30 to 40 m 

Running sc he dul es for impr o ving maximum s pee d 
--Run s at s p ee d fro m crouc h start ov e r 50 t o 80 m 
--Fl ying s pr i nt s o ver 20 to 40 m 
--The a ppr oac h run - up to maxim um s pee d i s o about 40 

to 50 m 
--Run-up s wit h bat o n in r elay training o ver 50 to 70 m 
--Maxi mum ac cele ra t i o n o ver 30 to 50 m, followe d y 

coasting. Coasti ng mu st b e pe r form e d in an easy, 
relax e d way , wit ho u t v i si bl e slow - d o n . 

--Acceleratio n run s over 100 m with a maximum or l ess 
th a n ma xim um sectio n of some 30 to 40 m 

--Acc e l e r at i on run s over 100 to 150 m a maximum o r 
submaximum speed wi t h a medium sect i o n o f 20 to 30 m, 
followed by 30m coasting . (pp . 149-1 50) 

Oth e r Re se arc h St ud ies 

Edwin Oso lin (1 973) cond ucted r esearc h in which h e in-

ves tigat e d speed e ndu ranc e . His research a s base d on th 

d if f e r e nce betwee n t he c urv e of the r un ning s pee d and t h e 

exte nd e d lin e of t he o p timal speed f o r th e di stance . In an 
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a tt e mp t to di sco ver the s ui tability of training met hod s d e ­

si gned to d e ve lop spee d en dur ance , fo u r training gr o up s of 

mal e s pr inters we r e es tablish e d: Gr oup I us e d r e pe titio n 

sp r in ts o ver 40 to 50 m at maximum s p ee d ~ Gro up II s prin t e d 

d istances of 100 t o 150 m at maxi mum s p eed; Gr o up III ran 

r epeti tio n s of 80 to 100 m wit h variat ion of spee d in e ac h 

r epeti t ion; and Gro up IV train ed by o rth odox met hod s . 

Gr oup I V ser ve d as t he co ntrol group . Th e r aining l oad s 

an d i n t ensi ty wer e adj usted to mak e t he trai n ing r egime ns 

a s eq ual as po ssible f o r e ach of t he fo u r g r o up s . 

Afte r th e co ncl usio n of a 10-wee k r aini n g pc iod , 

th e fo llowing a ve rage i mpro ve me nt s in performance wer e 

f ound: Gro up I improv e d t heir perfo rma nc I . 7%; i wa s 

not e d t hat th e y had short e n e d t he ir sta r ting phase by a 

larg e mar gin. Gro up II had a 1 . 56% impro v me nt a nd t hei r 

s pee d towa rd s t he e nd of th e di stance had improv d . Group 

I I I s howed ma rk e d impr o ve me n ts i n a ll ph ase s of th e di s ­

tan ce ; t he a ve rage i mpr o ve me nt fo r t h i s group was r eported a s 

2 . 5 1%. Group IV ha d th e least amo unt of impr o eme n t , I . 10% . 

Osoli n (1973) r epo r ted that vari ation in spee d appear e d to 

be t he best met ho d for t he d e velopme n t of s printing com -

po ne n ts , parti c ular ly s pee d end u rance . Th e me th od ~as 

most s uccess ful whe n severa l varia tio n s ere includ e d in 

eac h r e petit i o n o f t h e t ra ~ ning r egimen . Osolin ~otes t hat 

vari e d s pee d trai ning has bee n s ucce ssf u ll y u se d by American 
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sp rinte rs for a long tim e . On e of their best kn own met hod s 

c ompris es rep e tition s whi c h ar e sta r t e d fa st , followed by 

f r ee a nd r e lax e d running in the mid d l e , a nd concl ud i ng with 

a maxi mu m speed fini s h. Th e following t r aining exe r cises 

were re comme nd e d: 

1 . Tempo-chang e s pr ints : 30m maxim um acceleratio n, 
plus 30m fr ee running, p l us 30m maxim um s pee d . 

2 . Sprint f a rtl e k: 200 to 300 m wit h t he last at h­
l ete in lin e acc e l e r ating to ov e rtak e the field . 

3 . Vari e d s p ee d r e pet ition s : d istances r angi ng f r om 
100 to 200 m cov e r e d in acc e l e ra tio ns a t h star 
and fini s h wi t h fr ee whee ling in t he midd l 

4 . Uneven track s prin ts : s tart i ng 20 to 2 5m uph ill 
(about 2 to 3 d e gr ees ) , foll ow d by a st l'etc h o n 
hori zo ntal t r ack befo r e a f a st fi n is h downhill . 
(Osa lin, 1973, p. 3 2 ) 

Ka r ol Hof fma n (1 97 2 ), aft e r car ry i ng out o b s rv a · io n s 

betwe e n 1 960-19 65 , ga t he r e d num e r o us fa cts on s r id length 

a nd s tri d e r ate of fem a l e sprin te r s . On e of t hese r esearc h 

pr o j e cts i nv ol ve d a group of 2 3 f e mal e s p rint e r s an d i n-

elud e d many of th e best s pr i n ter s i n t h world . Among he 

g ro up were Wil ma Rudolph, Edith cG u ire , and · yomia Tyus of 

th e United States ; Dor ot hy Hyman of Gr e at Br itain ; J u t a 

He ine of West Germany; Giu s e pp in~ Leo ne of Italy , a nd Irena 

Kirs ze n ste in Szewi n s ka and Eva Klob u ko ws ka of Poland. The 

r a n ge of their t im es o n th e 100m a s from 11 . 0 to 1 2 . 4 sec . 

Th e ob se rvati ons and me asur e men ts were collected ex -

elusively dur i ng top class comp et itiv e e vents . The f unda -

me n ta l meas uring instrum ent was a mo vi e came ra . The re -

s ulting film allo we d the inve stigator to co un t the numb er 
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of s~r i d es required to cover th e var i ou s d i stan c es . Dur i n g 

Po li s h c hampionships, mea s ur e me n ts were tak e n of four 

s tr id e s p e rfo r med at full pac e between the 50 to 60 m seg -

ment o f t he 100 m rac e . Kn ow ing th e time achi e ve d by th e 

fe mal e competitor and th e to t a l nu mber of str i des tak e n 

over t he d i s tanc e , th e fr e qu e nc y of st r id es was estimate d . 

In a nt i ci pa tion of c e r ta in s im i l ariti es among he t o p c lass 

sp rin te r s , t wo anthropome tr ic me a s u r e me nt s were ta k n : 

body heig h t and th e length of t h e lower l imb (me a s ur e d f r om 

th e po i nt o f th e tr oc ha n te r). Hoffman r e po rt e d t he follow-

in g c o ncl u s io ns : 

I. It see me d cl ear t hat among t o p c lass femaJ e and 
ma l e s prin ters, t her e is a strong correlation c ­
twee n he i g h t an d leg lengt h with the l e n g h and 
f r e qu ency of st r id e . 

2 . Th e coeffic i e n ts of corr elatio n s ho a more si g­
n ificant r elati o ns hip b etwee n th e le ng h a nd f e­
quency of strid e wi th t he leg l e ng h t han it h 
heigh t . 

3. Th e me a s u rements and observa t i ons ca rr ied o u t 
se ve r a l t i mes o n the s am e c o mpetitor s verify ha 
t he s ho r test b u ild possess th e h igh es t re-
qu e n c y of strid e . 

4 • T h e be s t f em a l e s p r i n t e r s \ h e n com par e d •1 i t h m a 1 
s prin te r s of t he same class , he igh t , 1 g lengt h, 
and strid e 1 e ng t h run , h.o eve r , ab o u t o ne second 
s l owe r over t he 100 m beca use of mark e dl lover 
f re qu e nc ie s of s t rid e . 

5 . Th e result s of th e ab o ve , based o n r ela tiv el y 
l i mite d samplin g , s t i l l r e4 ui r e v e ri fication fr o~ 
f ur t he r r e search by mea s ur ement and o bse vati o n . 
( p. 1 5 24 ) 

Cor nett (1 9 76) co ndu ct e d a st udy th e p u rpose of \ h i c h 

was to inv estigate maxim um speed of mov eme n t among femal e 

s pr i n t e rs . Th e specific factors invest iga t e d vere : 
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( a) the point in time and di s tan ce at wh ic h ma xim um ve l oc i t y 

wa s at t ain e d; (b) t he dis t an ce and /or time maximum ve l oc i t y 

wa s ma i n t ain e d; and ( c ) th e factors s uch a s l e g s pee d and 

s tr i d e l e ngth which infl ue nce d t he attainme nt a nd ma i n te ­

nan ce of maximum ve lo c ity. Th e s ub jects we r e e i g h t fe ma l e 

sp r i n t e r s from th e Texas Woma n' s Un i ve r s i t y tr ac k t e am . 

Th ree of t he s ubj e ct s we r e Olymp ian s , tw o we r e me mb e r s of 

th e Nat i o nal trac k t eam, a nd t he remaining th ree we r e 

sk il le d but no t nat ion a l ca l ib e r s print e r s . 

l ecte d a s t he s pr i n te r s r a n t he 10C m d as h . 

Da 

Th 

wer e col ­

s u j ec s 

used s ta r ti n g bl oc ks a nd were time d us i ng ph o t o- l c ri c 

cell s and e l ec tr ic timers a s t he y pe rfo rm e d he da s h . ilm 

da t a we r e a lso co llecte d of e a c h individual ' s pe rf o rma c 

Th e s t ud y too k p lace at t he Te xas Vo ma n ' s Un i ve r s i t y j us 

prio r to t he Na t i o na l Champio n s h i ps a nd Ol ympic Trial s i n 

1976 . 

Cor nett r eported t he f o ll ow ing r es u lts : (a) t h aver-

ag e point i n time at whic h maximum ve l oc ity a s attained 

wa s 4.9 6 sec ., a nd t he averag e po~ n t i n distan ce a s 

3 2 . 50 m. For t he 5 s u pe rior pe r fo r me rs the av e rag e as 

5 . 05 s ec . a nd f o r t he 3 s kill e d ru nn e r s it as 4 . 83 sec . 

(b) Th e ave rage time for wh i c h ma x im um velocity vas main ­

t a i ne d was fo u nd to be 1. 54 sec . a nd t he a ve r ag e di stance 

was 1 3 . 75 m. Fo r t he 5 s u pe rior pe r formers th e av e rag e 

time was 1. 53 se c . while f o r th e 3 s k illed r unners the 
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a verage was 1.55 sec. (c) Accel e ra tio n compr ised 38%, max -

i murn 12% , and deceleration 50% of t he total time for t he 

100m d as h. 

Ba se d upon the finding s o f thi s st ud y t he following 

c on cl us ions were drawn by th e inv es~i g ator : (a) maximum 

vel oci ty wa s reach e d at di s tan ces r a nging from 30 m to 50 m 

and was he ld ov e r di s tanc es r a ng i ng from 10 m to 20 m. De ­

ce ler a tion occurr e d at varyin g poi n ts from the 0 m mark o 

t he 70 m mark. (b) Maximum velocit y i n vol ve d r ela i v l y 

small di stan c e of the run - 1 4% , acc e l eratio n jn vol ve d 

about 33%, a nd decele r a t io n i nv ol ve d almost 53% or he run . 

( c) As s trid e fr e qu e nc y decreased from it s hi g hes t r a 

d uri ng th e acc e l e rat io n ph ase , t he in c r ase in s rjd e 

l engt h mo r e than comp e nsated fo r t h lo ss o f l g s peed 

du r ing th e maximum ve l oci ty pha se . 



CHAPTER III 

METHODS AND PROCEDURES 

The major purpose of th e investi gation was to d ete r­

min e if perceived velocities and tr ue ve l ocities wer e t he 

sam e when variabl e speeds wer e run. Th e s pecific fac or s 

in ve s tigat e d were strid e rat e and s trid e l e ng t h. Th i s 

ch apt e r includes a di sc uss ion of the pr elimi n ry pro ce ­

du res , selection and d esc ription of i nst ru m n s , se l c ­

ti o n of s ubj ects, proc e dur es r elate d to t he coll ect i o n of 

data , and proc e dur es follow e d in a nalyzing he d a a . 

Both human a nd doc ume nt ar y so u r c s of d a a a nd infor -

matio n were u tilized in th e inv estigatio n . The hu man 

sources use d a s s ubj ec t s in t he inve stiga io n c r n i ne 

female runners who we r e me mb e r s of t h e Texas Woma ' s Uni -

ve rsity t rack team. Oth e r hu man so ur ces incl ud e d m mb e r s 

of t he the s i s committe e . Do c um e ntary s o ur ce s i ncl ud e d 

boo ks , pamphlets and periodical s from t h roughout t he worl d, 

other publi s hed and unpubli s h e d ~ e p o rt s , microcards , a d 

r esearch pe rt ine nt to t he in vestigation . 

Pr eliminary Proce du res 

Information wa s ~s s imi lated hi c h vas pertin e n to 

all phases of t he propose d s tudy . Thi s in forma tion wa s 

2 6 
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u s ed i n t he formulat ion of a t e n tati ve o u tlin e a nd t h e 

f ur t he r development of the st udy. 

The out lin e o f t h e propo se d inv estigatio n was d e ­

v elope d by the inv est igator and approved by t h me mb ers of 

th e t hes is co mm ittee . Th e o u tline wa s r e v i se d i n acc o r-

d anc e with s ugg est ion s off e r e d by the comm.tt ee ; a pr os­

pectus of t he approv e d st udy was fil e d in t he Office of the 

Provos t of t h e Gr a du at e Sc hool at t h e Te xa s Woman ' 

versi ty . 

Uni-

An o u tline o f t he st udy was pr ese n t d to th e Hum a n 

Subjec ts Re vi ew Committ ee of t h e T xas Wo rn n ' s U i ve r sil y 

f o r a p p r' o v a l , w h i c h was s u b s e q u e n t l y g j v e n . T h e i n v e s t i -

g ato r al s o obtain e d appr o val to f i lm f rorn h e subjec · s i n ­

vol ve d in the s t udy . 

Th e investigat o r use d thr ee camer a s : a Dell and 

Howel l 70-HR ; a Be l l and Howell 70-DR ; and a Lac m model 

5 1, 1 6 mm made by t he Re dl ake Co rp o ra tio n i n San a Clara , 

California . 

Th e electric tim e r use d in t h i s study vas d veloped 

by Electronic Id e als , In c . , of Denton , Te xa s , as part of a 

re sea rch project fund e d by the Tex a s · oman ' s Uni e si y . 

Th is multiple t i ming s y s t e m, wit h seven di i tal clocks , 

provided a bre a kd ow n of times fo r th e a alysis of eac h of 
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th e s pec ified se gm e nt s of 10, 20, 30, 40, 50 , and 60 m a s 

e a ch r unner ran a 60 m fly-in. Se ve n ph ot o - e l ect r ic cells , 

man uf a ct u re d by Micro Sw itch, a d i v i s io n of Ho ne ywell o f 

Fr ee p o rt, Illinoi s , were moun te d o n 36- i nc h pe destals so 

th a t t he e ye of the cell was 37 i n. h igh . Th e ti mi ng gat e 

wa s c ompl ete d with an accompanying r e fl ecto r be ing place d 

o pp os ite eac h phot o - e l ect ri c c e ll at th e cor r espo ndi ng 

heigh t . Th e di s tanc e fr om eac h ph o t o - el ct r i c cell to 

r efle ctor was 84 in. Each ph oto - e l ec tr ic cell wa s conn c t e J 

t o t he e l e ctric tim e r . 

S ix of the digi tal clock s st ar te d sim u l an co us ly whe n 

th e f ir st timing gate , set at t he s ar ting lin 

rupted by t he s ubj ect ' s body . As t he s ub j ect ran 

each timing gate , t he clock o f th electric tim e r 

s di s ­

hr o ugh 

t t ha 

gat e st opp e d, r eco rdi ng t h e time t o t h e ne r es o ne ­

h undredth of a seco nd. Eac h digi t a l clock , i n urn , 

r eg i stered the time at th e 10 , 20 , 30 , 40 , 50 , and 60 m 

marks . 

Sel ection of Sub jec s 

Th e inv esti ga to r c hos e as s ub j e cts ni n e female un ners 

who we re me mb ers of the Texa s Wo ma n ' s Uni ersity t r a c k 

t eam. Th e y we r e informed as to th e nat u e of the st udy y 

t hei r track c oac h and the inv esti gator . Th e s u b · c~ s re 

a combinat i on of s prin ters , jump e r s , midd le d i st an ce and 
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d istance runners. Thr ee individua ls we re co ns id e r e d o u t -

s t~nd ing s printers, having bee n me mb e r s of t he Natio nal 

A.A.U . track team. Th e remaining s ubj ects wer e h ig h ly 

ski l le d but were not of nati onal calibe r . 

Coll ection of Data 

Data for the st udy we r e coll ecte d us i ng t h elec ric­

tim e r and the photo- e l ectric cells to d e t ermine whet he r : 

( a) pe rceived velocity wa s t he s am e a s calc u lated r ue 

velo c ity wh e n running variabl e s pee d s , a nd (b) if t here 

were diff e r e nc es in st ri de lengt h and st rid e r a e when 

runni ng at variable s p ee d s . Film data w r collected o 

dete rmi n e how cha ng es i n s trid e leng t h a nd stride rate wo u ld 

influence c hanges in vel oc i t y. 

Each s ubj ect was te ste d i nd ividua ll y . S ub j ec ts use d 

a s tandi ng fly-in start app r oximately t hr ee me ers from t he 

fir s t ph oto - electric c ell . Th i s a llowe d hat s u bject to be 

in motion whe n the fir s t timi n g gate was d isr up te d to begin 

the timing seq ue nce . Th e s ub j ects were timed at 10, 20 , 30 , 

40, 50, and 60 m whil e runn ing f~ ur d iffere n t speeds : max -

imum, one -half, two - third s , and se ve n- eighths spee d . All 

s ubj ects pe r f ormed th e fir st t ime d ru n at maxjmum speed . 

Th e performance ord e r of t he ot her speed s ere rand oml y 

drawn for eac h s ubj ect . 

The film e d da ta o n eac h subj ect were collected by 
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t hree cameras (Bell & Howe ll HR, Bell & Howel l DR , and the 

Loram) which were plac e d on th e infi el d, perpendicular to 

th 0 t rac k at a di stance of 60 ft . f r om th e edge of th e fir st 

l ane . Th e thr ee c ameras were arrang ed so that eac h o ne ' s 

v iew fiel d overlapped that of t he camera place d immediat el y 

to i ts s ide. This allowed th e i nv estigato r to collec 

f ilme d data on eac h s ubj ect o ver th e e ntir e 60 m d is ance . 

Kodak Blac k and Whit e Tr i - X Reversal film , pe rfor at d at 

bo t h edges , was use d in t he camer a s ; it wa s e xpos d 

f r ames p e r seco nd. 

Proce dur es Followed in Analyzi ng t he Da a 

t 4 

time Using th e data fro m t he electroni c timj n g d e v ic 

inter vals we r e obtai n ed for eac h of t he 10m s mc nt s . 

Data we r e r eco rd e d fo r eac h speed t r ial for eac h s ub j c 

Th e stride leng t h was dete rmin e d y mea s ur ing the 

d ist an ce from to uc h-down of th e l eft foot t o to uch - do n of 

t he right foot . In or d e r to obtai n a tva-st rid e cycle and 

allow for dif ferenc es in bilat eral stride , a measur emc t 

f r om touch-down of t he righ t foo to touch -d ov n of th 

left foot wa s also obtain e d . H u r d 1 e s ·: c r e 1 i n e d u p , o n e 

by o ne , next to eac h other for 60 m in t h e o u si d e lane . 

Th ese were use d as th e meas uri ng s tandard . 

Th e st rid e rat e for e a c h s ubj ect was calc u lated in 

t he fo l lowi ng manner. Th 8 di fference in the times of . vo 
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s pec if ied 10 m interval s was divid ed in to 10 ( d istanc e o f 

t he i n terval) to d eterm in e me t e r s /se cond . For exampl e , 

t irre at t he 20 m mark ( 2 . 8 1 sec . ) wa s s ubtracte d from time 

a t t he 30 m mark (3.95 sec . ) which p r o du c e d a t o tal d i ff e r-

en ce in time of 1.14 sec. for t ha t i n ter va l . The rcsu l i ng 

va l ue ex pr es sed in mete r s/se cond was t he n d i v id e d by t h 

st r ide lengt h of one compl ete cyc l e (l e ngt h fr om t o uc h-d ow n 

of ri ght foot to th e l eft foot and to uc h-d own of l e f f oot 

to ri g h t foot). Th is yi eld e d t he nu mb e r o f cycl s/scco nd 

wh ic h was t he n multipli e d by 2 to dc t rmin t he n umb er of 

s tr ides/ seco nd or st rid e r at e ( Co rn et t , 1976) . 

Chap t e r I V c ontain s the pr ese n t a t io n of t h e fj nd ing s . 

In c l ud e d in the c ha p te r ar e a nalyses and co n c l usion s base d 

up o n t he data o b tained. 



CHAPTER IV 

PRESENTATI ON OF THE DATA 

Intr o du ction 

Th e da ta in t hi s s tudy we r e collected t hr o ugh th e use 

of t he e l ec tric t im e r, ph oto - e l ect r ic c ll s , and ci ne ma­

tog raphy o n runn e r s a s th e y r a n at va riab le s pee d s o ver 

60 m. Th e s ubj ects we r e n in e female coll ege ag e runn r s 

who we r e me mb e r s of th e Texas Woman ' s Univ r si y track 

team. Th e purpo se of th e st udy was to d e t er min e if r u 

ve locity an d perceived velocity were t h same wh v ,~iable 

s peeds we r e r un o ve r a s pecif i ed distan ce . A seco nd y 

p urpo se of t he r esea r ch was to i nv estiga e s r ide le ng l h 

and s trid e rate while the variable spe d s we r e bei g run . 

Th is wa s d one in o rd e r to dete rmine if a nd when c h ng cs i n 

veloc ity occ urr e d. Th ese dat a ar e pr esente d in narra i ve 

and tab u lar form in t hi s chapt e r . 

ubj ec~s 

Col l ect ion of th e he igh t and e ight do. a · ere d o e in 

inch es and po un ds , r esp ec tiv e ly . Ho 1e er , th e in es iga o 

conver te d th ese finding s to metric unit s to r epor heigh 

in in c hes and cent i met e rs and weig ht i n pou d s and ki o ­

grarns . 

3 2 
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Table I di s plays t h e he ight a nd wei ght d ata of th e 

s ub jects . A revie w of t h e table re veals tha t t he s u bj ects 

range d in height from 60 i n. (150 e m) to 71 in . (177 . 50 em) 

wi t h an average of 65.92 in . (164. 80 em) . T he st and a rd 

de v iatio n for h e ight wa s 3 . 796 in . ~9 . 489 em) . Th e s ub -

jects were rel ati vely homo gen eo u s i n heig h t . 

Th e s ubj ects r ange d in we i ght from 106 lb s . (47 . 70 kg) 

to 135 lb s . ( 60 . 75 kg) with t h e averag e wei ght bei n g 1 22 

lbs . (54. 95 kg). Th e stand a rd d e via t ion for weig h t was 

10 . 9 1 lb s . (4 . 9 1 kg). Th e s ub ject s w r e 1 ss t10mog n ous 

i n we ight t h a n in heig h t . 

Variabl e 

Heig h t (in. ) 

Height ( em) 

Tab le I 

Desc r iptiv e Data of S u b jects on t h e 
Variables of He ight and Weig h t 

n ran g e -
(h i gh- l ow) 

9 11.00 65 . 9 2 
(71- 60) 

9 27 . 50 1 6'4 . 80 
(177. 50-1 50 . 00) 

Weig h t ( lbs . ) 9 29 . 00 1 22 . 10 
(1 35-106 ) 

Weigh t ( k g ) 9 13 . 0 5 54 . 95 
(60 . 75-47 . 70) 

-----

so 

3 . 7 96 

9 . 89 

10 . 91 

4 . 911 
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Perc e iv e d and Calc u lated Tru e Velocities 

at On e-Half Sp ee d 

The s ubject s were a s ke d to r un a 60 m f ly- i n at o ne-

ha l f of their maximum s peed. Th e fl y-in was time d and he 

r es ul ts are pr ese nte d in Tab le 2 a s p e r ce iv d velocity . 

The c alc ulate d tr ue ve l ocity was co mpu te d from .ac h s ub -

j ec t 's ma ximum r eco rd e d time for th 60 m fly-in ( see De i -

n it io n s for fo rmu las) . 

S ubj ects 

2 

3 

4 

6 

7 

8 

Tabl e 2 

Perce iv ed a nd Cal c ul at ed Tru e Veloci ty 
Data at On e-Half S pe d 

Perceived Vel ocit y 
(i n sec .) 

8 . 20 

8 . 60 

8 . 41 

8 .01 

8 . 34 

8 . 51 

9 . 99 

7 . 99 

8 . 73 

Calc u lat e d Tru e Ve lo c it y 
(in sec . ) 

14 . 5 

1 . 46 

15 . 84 

1 5 . 10 

1 5 . 20 

16 . 0 4 

16 . 90 

15 . 0 4 

1 5 . 02 
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As revealed in Tab le 2 , th e r a n g e fo r t he s u bj e c t s ' 

p c~i ' C e i v e d velocity wa s 2 .00 sec . (7. 99 s e c . to 9 . 99 s e c . ) . 

Th e r a ng e f or the subj ects ' cal c u lat e d t r u e velocit y wa s 

2. 3 4 s ec . (1 4 .56 sec . to 16. 90 sec . ) . 

Tabl e 3 pr ese nt s t h e re s u l ts of a pair e d ! es be ­

twee n t h e s ubj e ct s ' p e r c e i ve d v e l ociti es and t h e ir c a lc u ­

l ate d t ru e v e lo c it ies at o n e - hal f s p e e d . T he me n f o r t h e 

perce i v e d v e l o ci t y was 1 5 . 5 7 s ec . with t h s ta dar d d e v ia-

ti on r e po rt e d as .776 s ec . Th e stand a rd er r o r o t h e mea n 

was .25 9 sec . Th e me a n for t h e cal c u lat d tr ue v c l oc i l 

was 8 . 5 3 sec . with a stand a r d d v i a t i o n of . 0 2 sec . Th 

s tand a rd e rr or of t h e mean wa s . 20 1 s e c . Res u l s of a 

p ai r ed! test s h ow e d t hat t ( 8 d f ) wa s e q ual to 4 0 . 83 

(.e_ < . 001) . 
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Table 3 

Resu l ts of Paired t Test Be t wee n Pe r ceive d 
Velocity and Calc u lat e d Tru e Velocity 

at On e -Ha l f Sp ee d 

Va riable M SD SEM n (s ec . ) (sec . ) (~ . ) -

Perce i ve d Velocity 9 "1 5 . 57 . 776 . 2 59 

t * 

40 . 84 

Calc ulated True 9 8 . 53 . 60 . 201 
Ve locity 

;\" t 
-.95 < 2 . 306 , tw o - tailed test 

**£ <. 00"1 wit h 8 d eg rees of f r ee d om 

Per c e iv e d a nd Calc u lated Tru e Vcloc i i s 

a t Two -Th i r d s Sp ee d 

Th e s ame procedure wa s followe d in th e tabulati o n of 

the data for two-third s s pee d a s va s do ne for o ne -ha l f 

spe ed . Th e s ubj e ct s we r e as ke d t o r un a 60 m f ly-in a 

thirds of thei r ma xim um spee d . The fl y- jn va s time d and 

~* 

•::o -

the results are pr es e nt e d in Ta b le 4 as p e rc ei v d veloci y . 

Th e c a l c u lat e d tr u e ve l ocit y vas comp u e d fr om e a c h s ub -

ject ' s maximum record e d time fo r th e 60 m fly - in . 
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Tabl e 4 

Percei ved and Cal c u l a te d T r u e Velocity 
Data at Two-Th i rd s S p ee d 

Subje ct s 
Perc e iv e d Ve l ocit y Calc u lated Tru e Velocity 

( in sec . ) ( i n sec . ) 

I 7 . 8 6 10 . 92 

2 8 . 3 8 1 2 . 35 

3 8 . 11 II . 8 

4 7. 76 II . 33 

5 8 . 0 5 1 1 . 4 0 

6 8.6 8 1 2 . 03 

7 9 . 0 8 1 2 . 8 

8 7 . 7 2 11 . 28 

9 8 . 16 11 . 2 7 

As r e veal e d in Ta b l e 4 , th e rang e for t h e s ubject s ' 

p e r cei v e d ve l oc ity was 1 . 86 sec . ( 7 . 22 sec . to . 08 sec . ) . 

Th e rang e for t h e s u b j ects ' calculated tr u e veloci y ~as 

1 . 76 se c. ( ·10 . 92 sec . to 1 2 . 68 sec . ) . 

Tabl e 5 pr esents the r es ul ts of a pa i e d test be -

t wee n th e s ubj ects ' p e rceived velocities and calcula e d 

tr u e v e l oci t ies at two-third s speed . The mean fo th e p e -

c ei v e d v e l oc i ty was 8 . 20 sec . vith the st ndard d e 1iation 

r e por te d a s . 449 sec . Th e sta ndar d error o ~ the mea was 
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. !50 se c. The mean for the calculated tr u e v eloc i t y was 

11 . 6 8 se c. with the st andard d e via tion r e port e d a s . 583 

se c . Th e standard error of the me an was .1 94 sec . Re-

sults of a pair e d t test s h owe d t h a t t (8 d f) was e q ual to 

35.31 (£ < .001). 

Tabl e 5 

Results of Pair e d t Tes t Betwee n Per ce ive d 
Velocity a nd Cal c u l ate d T ru Velocity 

at Tw o -Thir d s S p e · d 

Variabl e 

Pe rcei v e d Velocity 

Calc ul ated Tru e 
Velocity 

n 

9 

9 

M 
( s ec . ) 

8 . 20 

11. 6 8 

so 
( sec . 

. 4 49 

. 5 83 

*t -. 95 < 2 . 306 , two - tailed test 

**£ <.001 with 8 d e gr ees of freed om 

S M 
(sc . 

. 150 

. 1 94 

Perc ei ved and Calc u la ed. Tr u e Veloci ies 

at Sev e n - E ig h ths S p ee d 

* 

35 . 3 1 ** 

Th e same pr ocedur e was follo d in the ta bu l a tio n of 

the dat a for seven - eigh t h s s p ee d as as d one for o n e - half 

and two-third s sp e ed . Th e s ub jects were asked o run a 

60 m fly- in at seven- e igh ths of their max<mum spe d . The 
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fl y -i n was timed and t h e r es ul ts are pre se n te d i n Tabl e 6 

as pe rcei ve d ve locity. Th e ca lcu lated tr u e veloc i t y was 

co mp uted f r o m eac h s ubj ect ' s maximum r eco rd e d tim e for h e 

60 m fl y - in. 

S ub j e cts 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Table 6 

Pe rc ei ve d a n d Ca l c ul ate d Tr u e Veloci y 
Da ta at Se v e n- Eig hth s Speed 

Pe r cei ved Ve locity Calc u late d Tru e 
(in s e c . ) ( i n sec . ) 

7. 36 8 . 3 2 

8.45 9 . 41 

8 . 05 9 . 0;:) 

7. 45 8 . 63 

7. 8 7 8 . 69 

8. 1 7 9 . 17 

8 .68 9 . 6 

7. 5 2 8 . 59 

7.64 8 . 8 

Velocit y 

As r evealed in Ta b le 6 , the rang e for the s ubj ec s ' 

per·c e iv ed veloc ity was 1 . 3 2 sec . ( 7 . 36 sec . t o 8 . 6 8 sec . ) . 

Th e r ange for th e s ubj ects ' calc u late d tru e ~loci y as 

1. 34 sec . ( 8 . 3 2 sec . to 9 . 66 s e c . ) . 
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Table 7 presents th e r es ult s of a pa ired ! t es t b e -

twe en the s ubject s ' perce iv e d ve locities a nd calc u lated 

tr~ t e v e lociti es at seven-eighth s spee d . Th e me an for t h e 

perce i ve d v e lo c ity was 7.91 se c . with the stand ard d e v ia-

tio n of .46 3 sec . Th e stand ard e rr or of t h e mean wa s . 154 

sec . Th e mean for th e cal c ulat e d tru e velo c i t y was 8 . 90 

sec . with th e standard d e via tion of . 445 s c . Th e s anda d 

er ro r of th e me an was . 148 sec . Re s u lt s of a p i e d t t es 

s howe d that! ( 8 df) was eq u al to 30 . 47 (.e_ < . 001) . 

Tabl e 7 

Res ul ts of Pair e d t Test Bet ee n P r cc i v c d 
Ve loc ity an d Calc u lated Tru Veloci ly 

a t Se ve n- Eigh t h s S p e d 

Va r iable 

Pe r ce iv e d Veloc ity 

Calc u lated Tru e 
Veloc j ty 

n 

9 

9 

M 
( sec . ) 

7 . 91 

8 . 90 

so 
( sec . ) 

. 463 

. 44 5 

SE 
( sec . ) 

. I 4 

. 148 

* 

30 . 47 *•!-< 

---------------------------------------------------------------
* t - . 95 ~ 2 . 306 , two - tailed tes 

**P < . 001 with 8 d e g rees of freedom 



41 

Desc riptiv e Inf o rmatio n Reg ard i ng Stride 

Length, Strid e Rate , a nd Veloci ty 

Th e data collecte d o n st r i d e le ng th , s trid e r ate , and 

veloc ity have bee n gath e r e d to an swe r e mp iricalJy t he fol-

l owi ng r esea rch question s : ( a) what ar e t he variations in 

str ide length over t he 60 m fl y- in, (b) wha t arc h var~ia-

tio ns i n st rid e rat e o ve r th e 60 m fl y- i n, and (c) what r e 

the variatio n s i n velocity o ve r th e 60 m fly-in . Th e d. l 

are pres e nt e d in t h e f or m of graph s . Th e ve r g c of th e 

ni n e s ubj ects ' strid e l e ng t h, st rid e ra c , and velocity o r' 

one -half , two-thi r d s , se ve n- eig h t hs , a nd maximum sp e d a r 

prese nt e d in 10 m se gm e n ts f r om s ar through '1 0 m for 

s tri d e lengt h and st rid e r at , an d t h rough 60 m for v loc­

it y. St rid e length and st r i d e ra t were r scnled hr o ugh 

40 m bec aus e the came ra t h at film e d t h e 40 m o 0 m seg ­

me nt did not op e rat e pr o p e r l y and the da a e r e los . 

F igu re 1 i s a r e pr ese n tation of th s ubj cts ' avera e 

s trid e l engt h. Th e rang e for t he s ubj ects ' a e age s r i d e 

l e ng th was found to be 1 . 2 7 m (1 . 4 2 m o 2 . 69 m) . The mini ­

mum s trid e l e ng t h of 1 . 42 m occurred during the 10m se gm nt 

at maximum speed wh ile the maximum stride le1gth o 2 . 69 

occurr e d duri ng th e 40 m segme n t at one - ha lf s e d . Du g 

t h e 1 0 rn s e g me n t o f t he r u n , t h e a v e r~ - g e s t r i d e 1 e n g t h s f o r' 

th e v a r' i a b 1 e s pee d s we r e : ( a ) one - h a 1 f s pee 1 . 6 5 m ; ( b ) 

two-third s s pee d, 1. 61 m; (c) sev ? n - cig h hs sp2c d , 1 . 61 m; 
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and (d) maximum speed, 1.60 m. During t h e 2 0 m se gm e nt of 

th e r un, the averag e st r i d e lengt h s for the va riable s p ee d s 

were : (a) one-half s p ee d, 1. 90 m; (b) two-third s s p ee d, 

-1.88 m; (c) seven-eighth s s p ee d, 1. 80 m; an d (d) max im um 

s peed, 1. 83 m. During th e 30m se g~e nt of t h e r u n , t h e 

ave rage st rid e l e ngth s for t h e variab le s p ee d s we r e : (a) 

one -half s p ee d, 2 .35 m; (b) two - t hird s s p ee d, ? . 31m ; (c) 

se ve n-eighths s p ee d, 2 . 33 m; and (d ) maxim um s p ee d , 2 . 3 2 m . 

Du ri ng th e 40 m se gm e nt of t h e run , t h av erag s rid e 

le ngt h s for th e variab le s p ee d s w r e : (a) o n - h lf s p e d , 

2 .39 m; (b) two-t h ir d s s p ee d , 2 . 40 m; ( c ) se v e n- ig h h s 

s peed, 2 . 33 m; an d (d) maximum speed , 2 . 3 m. 
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A rep r ese n tatio n of s tride r a t e i s s how n i n Fig u r e 2 . 

The average strid e rate rang e d fr om 2 . 86 s trid es/sec . fo r 

t he slowe st cycle of leg s p eed to 5 . 66 strides/sec . f or t he 

fas t e s t cycl e of l e g s pee d . Th e 5 . 66 st ri d es/sec . occ urr e d 

in th e 10 m segme nt at two-th ird s s pee d wh il th e 2 . 86 

st ri des/s ec . wa s not e d in bot h t he 30 m se gment and the 40 

m se gm e nt at one- half s pee d a nd we r e pe r orm c d by h e s ame 

s ub j ec t . During th e 10m seg me n t of th e un , th e a ve r aoc 

str ide rate s for t he vari a b le s peed s w r e : (a) one-half 

s peed, 4 . 36 st rid e s/sec .; (b ) two - h ird s spe d , 4 . 61 

st rid es/sec .; (c) se ve n- e i g h t hs spee d , 3 . 8 2 s r i d s/s c .; 

a nd (d) maximum s peed, 4. 05 strides/ sec . Duri.ng lhe 20 m 

se gme n t o f the run , t he a ve r age st r ide rate fo il e va ia-

b le s pee d s we r e : (a ) o n e -h a lf s pe d , 3 . 1 s ride s/sec . ; 

(b) two - t h ird s s pee d, 4.11 st rid es/sec . ; (c) sc n-cighth s 

s pe ed , 4 . 22 strides/s e c . ; a nd (d) maximum s peed , ~ . ?2 

s trid es/sec . Dur i ng t he 30m segm n of the r u n , he av 

ag e st r i d e r ates for t he var iab le s pee d s were : (a) o e ­

half sp eed, 3 . 17 st rid es/sec . ; (b. ) two - thirds s peed , 3 . 39 

s trides/sec .; ( c ) seven - e igh t hs s peed , 3 . 4 str-ides /sec . ; 

and (d ) maxim um speed, 3 . 50 strides/ sec . Duri g the 40 m 

at es for e varia-segme nt of th e run, t he a ve rag e stride 

bl e s pee d s we r e : (a) one -hal f speed , 3 . 2 0 s I' ides I sec . · 

(b) tw o- t h i rd s speed , 3 . 31 st r ides/s ec . ; (c) scv _n-eighths 
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sre e d, 3.46 strides/sec.; a nd (d ) max im um s p ee d, 3 . 50 

str i des/ sec . 
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The s ubj ects ' averag e ve lo cit y i s pr ese n ted in Fig ur e 

3 . The a verage velocity rang ed fro m 1 . 08 sec . fo r th e 

fas tes t segment t o 2 . 01 sec . for t he slowest segment . The 

1. 08 sec . was fo und in th e 50 m segment at maximum spee d 

whi le th e 2 .01 sec. occurr e d i n t he 10 m s gme nt at o n e -

ha lf s pee d . During the 10 m seg me n t of t h e run, t he average 

ve locit i es for t he variab le s pee d s we r e : ( a) one- h lf 

spee d, 1 . 71 sec .; (b) two-third s s peed , 1.67 s c . ; ( c ) 

se ve n-eigh t hs s p ee d, 1 . 63 sec .; and (d) maximum s p d , 1 . 60 

se c . During t he 20m seg me n t of he run, th e a v rag v Joe-

i t i es for t h e variabl e s pee d s w re : ( a) o n e -half s p e d , 

1 .43 sec .; (b) t wo - t h irds s pee d, 1 . 37 s c . ; (c) s v n­

e ig h ths s pee d, 1 . 33 sec .; and (d) max imum s pee d, 1 . 29 s •c . 

Duri ng t h e 30m se gme n t of th e run , h averag veloci t ies 

fo r t h e variable s pee d s wer (a) o n e -half s pe e d, 1 . 35 s c . 

(b) two - t hird s spe e d , 1 . 30 sec . ; ( c) s ve n-e igh hs s ee d, 

1. 25 sec . ; and (d) ma xim um s p e d , 1 . 2 3 sec . Duri g th e 4 0 m 

se gment of t he run, t he av e rage velocities o r he riab Je 

s pee d s we r e : (a) o n e - hal f s pee d , 1. 35 sec . ; (b) vo - hird s 

s pee d , 1 . 28 sec . ; ( c ) se ve n- eighths speed , 1 . 2 3 sec . · d 

(d) maxim um s pee d , 1. 22 sec . During t he 50 s e gme t of h e 

run, th e average veloc it ies for t h e variable s pee d were : 

(a) o n e -l1 alf speed , 1 . 33 sec . ; ( b ) to- thirds s pe ed , 1 . 27 

sec .; (c) se ve n- e i~t 1 t h s speed , 1 . 2 3 sec . ; and (d) maxi. um 

s pee d , 1 . 20 sec . Th e 60 rr, se gme nt of t he ru 1 p o du c e d t he 
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fol low ing average v e loci t i es for t h e va riabl e s p ee d s : (a) 

one - half s p ee d, 1.37 sec .; (b) tw o -th ir d s s p ee d, 1 . 31 sec .: 

(c ) se v e n- e igh t h s s p ee d, 1. 2 5 sec . ; and maxim um s p ee d , 1 . 2 4 

sec . 
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CH APTER V 

SUMMARY , CONCLUSION , AND RECO MENDATIONS 

FOR FURTHER STUDIE S 

Summary of th e I nv estigati o n 

The investigati o n e n tail d a st udy of t he running o f 

variable spee d s . Th e maj o r purp os of t he in v s ig i o n 

was to determi n e i f per ce iv e d velo c it y a nd Lru ve l ocit y 

we r e t h e same whe n vari abl e s pee d s w r r u Th s pccifi 

facto r s of st rid e l n gth and st r i d e a e we re i v ~ t ig Le d 

to d e termine if and wh e n ch a n g s i n v loci y o cc urr d . A 

r e view of t he lit e ra t ur e indi cat d h t t he pr . c nt sl uciy 

did not du plicat e any pr e v io u s i nv c s igat i o s i nv ol v i g l o 

or female runn ers wit h r es pect to h e r unn i ng of var ia b ]e 

speeds . Th e re searc h did in d icate , how vc r , tha va ia b l 

s peeds a r e being u s e d in d iffer e nt r ai i p OCJr a ms . 

Pr eliminary pr oced ur es in clu d e d s e cu i ng pc rm issjo n 

from the Hum a n Subj ects Re vi ev Commi t ee t o d o th e o -

pose d st ud y, d evelopi ng a t e n ta i e ou li e h i c h ,. a ~-. p I' e -

se n ted to t h e the s is commi ttee and , in corr e c d f o rm , 

filed as a pI' o sp ec t u s in the 0 f ice of th e PI' o o s t of ~,. h 8 

Graduat e Sc hool . Nin e fem al e co l le ge a g e d unn ers from Te xas 

Woman ' s University track t eam 1 ere sel e c te d a s s ubje cts . 

50 
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Th e investigator selecte d t he e l e ctr o ni c t im e r , ph oto ­

e lect ric cells, and cin e ma tography for data coll e ctio n . 

P roce dure s wer e d e vel o pe d a nd eac h s ub j ec t wa s t i me d an d 

f ilme d acc o~ ding to esta bli s h e d c r i te ria . Th e s t udy too k 

p lace during May, 1977, at t h e Te xas Wo ma n ' s Un iv e r s ily i n 

De nto n, Texa s . 

Thi s c hapter s umm a ri zes t he f i nd i n gs o f t he s t udy a nd 

a co nclu s ion i s dr aw n. 

are offe r e d. 

Recomme nd atio n s fo r f u r lt1C r s ud i es 

Find i n g s 

Th e s tudy i nv est ig a t e d s p c ifi c r esea r c h hy ol h c~cs 

a nd q ues ti on s . As a me a ns o f s y n t hes i s , t h i d in s r la -

t i ve to eac h are p r ese nt d a s f oll o vs : 

I . Res u lt s of a pai r e d t es t. s h owe d ha he 

sig ni ficant dif f e r e nce be twe n pe r ce iv e d veloci y a d calc u ­

l ated true veloci t y a t o ne - half sp ee d . 

2 . Th ere wa s a s i g n ifican t d if e r e ce b cl~c n e -

ceived vel oc ity a nd cal c u la te d t ru elocity at. t~o-t h i ds 

s pee d as s hown from th e r e s u l ts o~ a p air~d es . 

3 . Fo r s ev e n - ei gh t h s s pee d , he r Ps u l s of a ~ir d t 

te st s ho we d t ha t t h ere was a s ig n i f i can t d iff r ' ' ICe bct. .. cen 

perce i ve d v e l oc i t y and c a l c u la te d tru e elocity . 

4 . S t r i d c 1 e n ;:J t h , o n t h e c-, c r a g e , i 11 ::: ,, .:. s o d o v e r 4 :::> m 

e x c c-; ;:- t f o t s e v 0 n- e i g r-, t t1 s s e c d v: n e: r· c t t' o. l e r, ,, . h \, a.:: t t• ~ 
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came in the 30m segment a nd t he 40 m segment . 

5. Stride rate, o n th e av e rag e , d ecreased up to 30 rn 

f or one-half and two - third s speed wit h a slig h t incr ease 

at t he 40 m mark . Stride rat e for se ve n- e ighth s s p e d d e -

c rease d constantly thr o u g h th e 40 rn segme n t . At t he maximum 

s pee d, the rat e decreased u p to th e 30 m mark nd wa s then 

c ons tant t hr ough th e 40 m segment . 

6. Ve locity, for all s p e d s , im p ov e d o th 50 m 

0 m ma rk a nd then s howe d a slig h t dec r eas 

s egment . 

Con cl usio n 

t hr o ugh 

Bas e d o n th e finding s of thi s st udy, h 

co nclud e d t hat the r e was a d iffer nc be lwe _ 

h 

inv cs ig Lo 

pc cc iv d 

velocit y a nd calc u lat e d tr ue velocit y wh e n running va i able 

s peeds . 

Di sc ussio n 

Wh e n t he s ubj ects we r e a s ked o run the ariabl e s pe d s 

of one - half , two - third s , and sev~n-eighth s o their m ximum 

s pee d s , the s ubj ects d i d no t kn ov ·hat the corres ondi g 

fin is h time s s ho u ld be fo r eac h of th e s peeds . The UI'POSC' 

of thi s st udy was t o d etermin e if th e s ub jec s could cor ­

re c tly pe rcei ve t he variabl e sp ee d s a ssigned i n relation o 

tt ,ei r max i mu m effort . To accomrnodate t e var'.i. a le speeds , 

th e s ubj ects mad e th ei r largest ad ju strT'cr.~s :;.n 'elocity 
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du ri ng the 10 m to 20 m se gm e n t . Ve locities dur ing t he 

ot her segm e nts were fairly co nst an t . 

Maxim um velo c i ty was r eac he d by 50 m for one-half , t o-

t hirds, s e ve n- e ighth s , a nd ma x im um speed s . Thi s i s i n 

ag r ee me nt wit h Cor nett ' s ( 1 976) st ud y i n wh ich s he found 

t hat maxim um velocity was attaine d betw e n 30 m t o 50 m. 

Howe ver , t hi s st udy d oes not s upp o rt Corn et t ' s f)ndin 

t hat maximum velocit y is hel d fo r 10 m to 20 m. I t wa s 

fo und , rath e r, t hat a d ec r ease i n velocity fi r s l occ u rr e d 

at t he 60 m mark . 

A revi e w of st rid e le n gt h for t h variab s p s 

s howe d t hat st r i d e l e ng t h wa s long st wit h t he s lav r s ce d . 

An av e rag e o f th e s u bj ec s ' st rid 1 n h s hove d th t , ro 

all s pee d s , th e gr e at est var iabili y from cc gm c nt l o sc gm c l 

occurr e d i n th e 20 m t o 30 m se gm e 

An av e r ag e of t h e s ub jects ' st r i d e ra t for all Sf) ee d s 

s h owe d t hat t he gr eatest variability f r om se me n o s gm e t 

occ urr e d dur i ng th e 20 m to 30 m segmcn I is osl u la d 

t II at b o t h t h e fa c tors of s t r id e 1 _en g t h an d s r i d c r ate \"-' e r e 

adju sted i n an att e mp t to vary velocity fo r th e th r ee 

bl e s pee d s. 

Th e thr ee h ig h ly s kill e d s ub j ects ·ere close i 

ari a -

th ci !' 

p e r c e p t i on o f t he v a r i a b 1 e s p e e d s t h a 1 ·, e r' E:: he s kil led s u b -

j ects . Th e inv estigator pos tu l a t s tha t this ~ s b uca u se 
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t h e three highly skilled s ub ject s ha d mor e practice wit h 

va riable speed running . 

Re comm e nd ation s f o r Fu r t h e r St udi es 

Th e following are r ecomme nd e d fo r fur t he r r ese a r c h 

s t udi es : 

I . Re plicat e t he st udy usi ng male s ub j ec t s . 

2 . Re pli cate t he st udy u s ing ur o p ea n nl h l Les who 

hav e t rain e d wit h a variabl e s pee d r gi mc n . 

3 . Test s ubj ec t' s p e rc e pt io n of v a r i bl e spee d s af er 

one yea r of tr a in i n g co n s i s t e n · l y a l vari 1 

4 . Condu ct analy ses o f s t i d e le gl h nd sl r icl 

to d e t e rmin e wh ic h fa cto r i s mo s t imp or 

tion of var iabl e s pee d . 

11 L in l11 

r'a l 

g u ln-

5. Co ndu ct an e xp e r i me n al s tudy co mp i n g i d i v i cl u a J ~; 

train e d u s ing va r ia b l e s pee d s vit h i ndividual s ol 

us ing variab le s p ee d s . 

ained 
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Physical Charact e ri s ti cs of t h e S u bj ects 

Subjects 
He ight ei gh t 

i n. em lb s . kg 

I 63 . 75 "1 59 . 38 I I 50 . 4 0 

2 64 . 00 "1 60 . 0 0 "1"14 5"1 . 30 

3 60 . 00 "1 50 . 0 0 "10 6 47 . 70 

4 71 . 00 "177 . 50 "1 3:.J 0 . 7 

5 67 . 00 "1 6 7. 50 "1 3 2 • Ll 0 

6 7"1 . 00 "177 . 50 "1 3 • Ll 0 

7 6 2 . 0 0 "1 55 . 00 11 4 :.:> "1 . 30 

8 67 . 50 1 6 8 . 7 5 13 2 ,) .40 

9 67.00 1 67 . 59 13 2 9 . 40 



APPENDIX B 



S
u

b
j

ec
ts

 

I 2 3 5 

a 
S

p
ee

d
s 

T
im

ed
 

S
e
g

m
e
n

ts
 

S
p

ee
d

 a
 

1
0

 
m

 
2

0
 

m
 

1
/

2 
I

. 6
9

 
3

.
0

3
 

2
/3

 
I

. 5
8

 
2

.9
1 

7
/

8 
1

.5
4

 
2

.8
0 

M
ax

im
um

 
1

.
5

8
 

2
.8

1 

1
/2

 
I

. 6
8 

3
.1

2 
2

/
3 

1
. 6

2 
3

.0
1

 
7

/8
 

1
. 7

1 
3

. 0
9

 
ax

im
um

 
1

.6
4

 
. 

3
. 0

1 

1
/2

 
I

. 6
8

 
3

.0
8

 
2

/
3 

1
. 6

9
 

3
.0

5
 

7
/B

 
1

. 6
3

 
3

.0
0

 
ax

im
um

 
1

. 6
1 

2
.9

3
 

1
/

2 
1

.6
0

 
2

.9
3

 
2

1
3

 
1

.5
8

 
2

.8
8

 
/8

 
I

. 5
4

 
2

.7
7 

ax
im

um
 

1
. 5

2
 

2
.7

8 

1
/2

 
1

. 6
6

 
3

.0
<::. 

2
/3

 
1

.6
8

 
3

.0
4 

7
1

8
 

1
.6

3
 

2
.9

5
 

M
ax

im
um

 
1

.5
9

 
2

.8
6 

0
rl

c
d

 
in

 
se

c
o

n
d

s 

3
0

 
m

 

4
.3

3
 

4
. 1

6
 

3
.9

7 
3

.9
5

 

4
.4

8
 

4
.3

4
 

4
.4

4
 

4
. 3

1 

4
.4

2
 

4
.3

3
 

4
.2

7 
4

.2
0 

4
.1

9
 

4
.1

2
 

3
.9

4
 

3
.9

8 

4
. 3

5
 

4
.3

0
 

4
.1

9
 

4
.0

6
 

4
0

 
m

 
5

0
 

m
 

6
0 

m
 

5
.6

3
 

6
.9

0
 

8
.2

0
 

5
.4

0
 

6
.6

1 
7

.
8

6
 

5 
.I

I 
6

.2
2

 
7

.
3

6
 

5
.0

7 
6

. 1
5

 
7

.2
8

 

5
.8

5 
7

.
2

0 
8

.6
0

 
5

.6
8 

7
.0

1 
8

.3
8

 
5

.7
8 

7
.1

0
 

8
.4

5
 

5
.

6
1 

6
.9

1 
8

.2
3 

0
1

 
5

.7
7

 
7

.0
9

 
8

.4
1 

(X
) 

5
.6

0
 

6
.8

5
 

8
.1

1
 

5
.5

2
 

6
.7

8 
8

.0
5

 
5

.4
4

 
6

.6
7

 
7

.9
2

 

5
.4

5
 

6
.7

1 
8

.0
1

 
5

.3
2

 
6

.5
3

 
7

.7
6

 
5

.0
9

 
6

.2
6

 
7

.4
5 

5
.1

6
 

6
.3

4
 

7
.5

5
 

5
.6

7
 

6
.9

0
 

8
.3

4
 

5
.

5
4

 
6

.7
8 

8
.0

5
 

5
.4

1
 

6
.6

3
 

7
.8

7 
5

.2
4 

6
.4

1 
7

.6
0

 



T
im

e
d 

S
eg

m
e
n

ts
 

C
o

n
ti

n
u

e
d 

S
u

b
je

c
ts

 
S

p
e
e

d
a 

1
0

 
m

 
2

0 
m

 
3

0
 

m
 

4
0

 
m

 
5

0
 

m
 

6
0

 
m

 

6 
1

/
2 

1
.7

7
 

3
.2

0 
4

.5
2 

5
.8

3 
7

.1
3

 
8

.5
1 

2
/

3 
1

.7
8 

3
.2

4 
4

.6
0 

5
.9

2
 

7
.

2
8

 
8

.6
8 

7
/8

 
I 

. 7
1 

3
.0

8 
4

.3
4 

5
.6

0
 

6
.8

7 
8

.1
7 

M
a

x
im

um
 

I
. 6

8
 

3
.0

1
 

4
.

2
9

 
5

.5
4

 
6

.7
5

 
8

.0
2

 

7 
1

/2
 

2
.0

1 
3

.6
9

 
5

.2
6 

6
.8

6
 

8
.4

8 
9

.9
9

 
2

1
3

 
1

.8
4 

3
.3

7
 

4
.8

2
 

6
.2

5 
7

.6
3

 
9

.0
8

 
(}

1
 

7
1

8
 

I
. 7

8 
3

.2
3 

4
.6

1 
5

.9
8

 
7

.
3

1 
8

.6
8

 
<

0 

M
a
x

im
u

m
 

1
.7

0 
3

.0
9 

4
.4

2 
5

.9
6 

7
.0

9
 

8
.4

5
 

8 
1

/2
 

1
.6

0
 

2
.9

6
 

4
.2

3 
5

.4
8 

6
.7

2 
7

.9
9

 
2

1
3

 
1

. 6
3

 
2

.8
9

 
4

. 
II

 
5

.3
1 

6
.5

0
 

7
.7

2 
7

1
8

 
I 

.6
0

 
2

.8
4 

4
.0

2 
5

. 1
8 

6
.3

4
 

7
.5

2
 

a
x1

m
u

m
 

1
.5

8
 

2
.8

4
 

4
.0

0
 

5
.1

8 
6

.3
4

 
7

.5
2 

9 
1

/2
 

1
. 6

9
 

3
. 1

8
 

4
.6

0
 

5
.9

6
 

7
.3

4
 

8
.7

3
 

2
/3

 
1

.6
4

 
3

.0
2

 
4

.
3

4
 

5
.6

1 
6

.8
6

 
8

. 1
6 

1
8

 
1 

. 5
1 

2
.8

2
 

4
.0

2
 

5
.2

2
 

6
.4

1
 

7
.6

4 
ax

im
u

m
 

1
. 5

2
 

2
.7

4
 

3
.9

6
 

5
. 1

3
 

6
.3

0
 

7
.5

1 

A
v

e
r

a
g

e 
1

/2
 

1 
. 7

1 
3

. 1
4

 
4

.4
9

 
5

.8
3 

7
. 1

6
 

8
.5

3 
e
a

n
s 

?.
1

3 
1

. 6
7

 
3

.0
5

 
4

.3
5

 
5

.6
3

 
6

.8
4

 
8

.2
0

 
7

/
8 

1
. 6

3
 

2
.9

5
 

4
.2

0
 

5
.4

3
 

6
.6

6
 

7
.9

1 
ax

im
um

 
1

.6
0

 
2

.9
0

 
4

. 1
3

 
5

.3
5

 
6

.5
5

 
7

.7
9 



APP ENDIX C 



S
tr

id
e
 

Le
ng

t
h

s 
a

nd
 

S
tr

id
e 

R
a
te

s 

1
0

 
m

 
2

0 
m

 
3

0
 

m
 

4
0

 
m

 
S

u
b

je
c
ts

 
S

p
ee

d
 

a 
b 

S
. L

. 
S

.R
. 

S
.L

. 
S

.R
. 

S
.

L
. 

S
.R

. 
S

.L
. 

S
.R

. 

I 
i

/
2 

1
. 

6
3

 
4

.
5

2 
1

.8
6

 
4

.1
6 

2
.4

9
 

3
.

1
2

 
2

.4
3 

3
.

2
4 

2
1

3
 

1
. 6

5
 

4
.

5
2

 
2

.0
1

 
4

.0
2 

2
.3

6
 

3
.4

0
 

2
.

5
8

 
3

.2
2

 
7

/8
 

1
.5

7
5

 
4

.1
8

 
1

.5
9

 
5 

.I
 0

 
2

.4
3

5
 

3
.

5
2

 
2

.4
0

 
3

.
5

4
 

M
ax

im
um

 
1

.7
8 

3
.5

0
 

I 
. 9

1 
4

.
3

4
 

2
.4

0
 

3
.6

2
 

2
.4

3
5 

3
. 6

6
 

2 
1

/
2 

2
. 1

1
5

 
3

.3
8

 
2

. 1
7 

3
.4

0
 

2
/3

 
1

.6
0

 
4

.4
0

 
1

.8
3 

4
.1

0
 

2
.1

5
5

 
3

.4
2

 
2

.2
0

 
3

.4
2

 
7

/8
 

1
. 

5
8

 
3

.6
0

 
I

. 7
5

 
4

.0
6

 
2

.2
5

 
3

.2
6 

2
.2

4 
3

.3
0

 
O

l 

M
ax

im
um

 
1

.6
0

 
3

.9
2

 
1

.8
0

 
4

.0
2

 
2

.2
7

 
3

.3
8

 
2

.3
1

5
 

3
.3

4
 

...
.J

. 

3 
1

/
2 

1
.6

0
 

4
.3

6
 

1
.8

0 
4

. 1
2 

2
.2

5
 

3
.2

6
 

2
.2

5 
3

.3
4

 
2

/3
 

1
. 4

5
 

4
.9

4
 

I
. 7

2 
4

.6
0

 
2

. 1
3

 
3

.6
4

 
2

.2
3 

3
.6

2
 

/8
 

1
.4

5
 

4
. 1

2 
I

. 8
0

 
4

.0
2 

2
.2

5
 

3
.4

8
 

2
.

2
5 

3
.5

2 
xi

m
um

 
1

.4
5

 
4

.1
8 

1 
. 6

1 
4

.6
2

 
2

.2
0

 
3

.5
8 

2
.

2
0 

3
.6

6
 

4 
1

/2
 

I
. 8

6
 

4
.0

8
 

2
. I

 0
 

3
.7

6
 

2
.6

2
5 

3
.0

2
 

2
.6

9
 

2
.9

8
 

2
/3

 
1

.7
4

 
4

.3
0

 
2

.1
1

 
3

.8
0 

2
.5

1 
3

.2
8

 
2

.6
1

 
3

.1
4

 

1
8 

1
.8

3
 

3
.

5
4

 
I

. 9
2 

4
. 1

6
 

2
.6

1
5 

3
.2

6
 

2
.6

0
 

3
.3

6
 

ax
im

um
 

I 
. 7

1
 

3
.8

8
 

2
.0

3
 

3
.8

2
 

2
.

5
8

 
3

.2
0 

2
.6

6
 

3
.2

0 

5 
1

/
2 

1
.6

5
 

4
.3

6
 

1
.9

8
 

3
.8

6
 

2
.5

0
 

3
.0

8
 

2
.5

0
 

3
.2

2
 

2
1

3
 

1
. 7

2 
4

. 
1

4
 

1
.9

8
 

L
.0

2
 

2
.4

9 
3

.2
8

 
2

.6
0

 
3

.0
8

 

7
/8

 
1

.6
8

 
3

.6
6

 
1 

. 9
1

 
3

.9
4

 
2

.4
3

5
 

3
.3

2 
2

.4
3

5
 

3
.3

6
 

ax
im

um
 

1
.G

8 
::!

.7
4

 
1

.8
5

 
4

.2
6

 
2

.3
7

5
 

3
.4

6
 

2
.4

3
5

 
3

.4
8 



S
t
ri

d
e 

L
e

n
g

t
h

s 
a
n

d
 
S

tr
id

e 
R

a
te

s
 

C
o
n

't
. 

1
0 

m
 

2
0

 
m

 
3

0
 

m
 

4
0

 
m

 
S

u
b

j
e
c
ts

 
S

p
e

e
d 

a 
b 

S
.

L
. 

S
.R

. 
S

.
L

. 
S

.R
. 

S
.

L
. 

S
.R

. 
S

.
L

. 
S

.R
. 

6 
1

/
2 

1
.7

0 
5

.
2

4 
1

.9
8

 
3

.8
2

 
2

.4
4

 
3

.1
4

 
2

.4
8

 
3

. 1
2

 
2

/3
 

I
. 5

2 
5

.6
6

 
I

. 8
3 

4
.0

2
 

2
.4

3
5

 
3

.1
2

 
2

.4
9

 
2

.9
8

 
7

/8
 

1
.7

0 
3

.4
6

 
I
. 

9
3 

3
.7

4
 

2
.4

1
 

3
.2

8
 

2
.4

3
5

 
3

.2
6 

M
ax

.i
m

um
 

1
.7

0 
3

.3
8 

I 
. 9

1 
3

.8
6 

2
.4

3
5

 
3

.2
0 

2
. 5

1 
3

. 1
6

 

7 
1

/
2 

1
.6

0
 

3
.8

0
 

1
.8

3 
3

.4
8

 
2

. 1
6 

2
.8

6 
2

.1
4

 
2

.8
6

 
1

3 
I

. 5
2

 
4

.2
8

 
I

. 7
8 

3
. 8

2
 

2
.2

0
 

3
. 1

8
 

2
. 1

7
 

3
.

3
2 

7
/8

 
1

.5
0

 
3

.7
2 

1
. 7

5 
4

.0
2

 
2

. 1
2 

3
.5

0
 

2
. 1

1
5

 
3

.3
8 

x
im

u
m

 
1

. 4
2 

5
.6

4
 

1
. 7

2 
4

.2
4 

2
.0

9
 

3
.6

6
 

2
.1

4
 

3
.4

4
 

0>
 

N
 

8 
1

/
2 

I
. 5

8
 

4
.5

2 
1

.8
8

 
4

.2
4

 
2

.3
9

5
 

3
.3

2
 

2
.4

3
5

 
3

.
3

2 
2

1
3

 
1

. 5
7

 
4

.9
0

 
1

.8
3

 
4

.4
8

 
2

.2
3 

3
.7

6
 

2
.3

8
5

 
3

.4
8 

1
8

 
1

. 4
 7

 
4

. 1
8

 
1

.7
0

 
4

.7
8 

2
.2

7 
3

.7
2 

2
. 2

8
 

3
.7

8 
ax

im
u

m
 

1
.5

2 
4

. 1
6

 
1

. 
8

3 
4

.3
4

 
2

. 1
8 

3
.9

4
 

2
.2

6
 

3
.7

4 

9 
1
/2

 
1

. 6
5

 
4

.0
2

 
1

.8
3

 
3

.8
4

 
2

.2
3

 
3

.3
2

 
2

. 1
8

5
 

3
.3

0
 

?.
1

3 
1

. 6
8

 
4

.
3

2 
1

. 8
3

 
4

.1
4

 
2

.3
0

 
3

.4
4

 
2

.2
6

 
3

.5
2

 
/f

)
 

1
.7

1 
3

.9
2

 
1

.8
3 

4
. 1

6
 

2
.2

7 
3

.6
6

 
2

.2
3 

3
.6

8
 

ax
i0

'1
uM

 
1

.5
5

 
4

.2
8

 
1

.8
3

 
4

.4
8

 
2

.3
6

 
3

.4
2

 
2

.2
6

 
3

.8
4

 

M
ea

n
::. 

1
/

2 
1 

. 6
5

 
4

.3
6

 
1

. 9
0

 
3

.9
1

 
2

.3
5

 
3

. 1
7

 
2

.3
9

 
3

.2
0 

?
1

3
 

1 
. 6

1 
4

.6
1 

1
.8

8
 

4
.1

1
 

2
.3

1 
3

.3
9

 
2

.4
0

 
3

.3
1 

7
/C

:. 
1 

. 6
1 

3
.8

2
 

1
.8

0
 

4
.2

2
 

2
.3

3
 

3
.4

4
 

2
.3

3
 

3
.4

6
 

;1
 x

 j 
m

um
 

1
.6

0
 

4
.0

5
 

1
. 8

3
 

4
.2

2
 

2
.3

2
 

3
.5

0
 

2
.3

6
 

3
.5

0
 

a
~
 

' 
,.
.,
~ 

.. 
L 

• 
r~
P
D
"
C
:
:
>
c
n
t
s
 
s
t
r
i

d
e 

le
n

g
th

 
an

c!
 

is
 

p
re

s
e
n

te
d

 
in

 
m
e
te

r
s

. 

8 
s
.

r.
. 

r·
c

p
r-

c-
sc

n
 t
s
 
s
t
r
i

d
e 

ra
te

 
a
n

d
 

is
 

p
re

s
e

n
te

d
 

in
 

s
tr

id
e
s
/s

e
c
o

n
d

· 



AP PENDlX D 



V
e
lo

c
it

ie
s
 

fo
r 

V
a
ri

a
b

le
 

S
p

e
e
d

s
a
 

S
u

b
je

c
ts

 
S

p
e
e
d

 
1

0
 

m
 

2
0

 
m

 
3

0
 

m
 

4
0

 
m

 
5

0
 

m
 

6
0

 
m

 

1 
1

/2
 

1
.

6
9 

1
.3

4
 

I
. 3

0
 

I
. 

3
0

 
1

.
2

7
 

1
. 

3
0

 
2

/3
 

1
.

5
8 

1
. 3

3
 

1
.2

5
 

1
.

2
4 

1
. 2

1 
1

.
2

5
 

7
/

8 
1

. 
5

4
 

1
.

2
6 

1 
. 1

7
 

1 
.1

4
 

I 
. 
I
I
 

I
. 

1
4

 
a
x

im
um

 
1

.
5

8
 

I
. 2

3
 

I
. 1

4
 

1 
. 1

2
 

I
. 0

8
 

I
. 
1

3
 

2 
1

/2
 

1
.

6
8 

1
.4

4
 

1
.

3
6

 
1

. 
3

7
 

1
.3

5
 

1
.4

0
 

2
1

3 
1 

. 6
2

 
1

. 3
9 

1
.
3

3
 

1
.
3

4
 

1
.
3

3
 

1
.

3
7 

7
/8

 
1

. 7
1 

1
. 

3
8 

1
. 

3
5 

1
.3

4
 

1
.

3
2 

1
.
3

5
 

0>
 

a
x

im
um

 
1

.6
4 

1
. 
3

7
 

1
.3

0 
1

. 3
0

 
1

.3
0

 
1

.3
2 

~
 

3 
1

/2
 

1
. 6

8
 

1 
. 4

.0
 

1
.
3

4
 

1
.

3
5 

1
.3

2 
1

. 
3

2
 

2
1

3
 

1
.
6

9
 

1
. 3

6
 

1
.
2

8
 

1
. 2

7 
1

. 2
5 

1
.

2
6 

7
/8

 
1

. 6
3

 
1

.3
7

 
1

. 2
7 

1
.

2
5

 
1

.
2

6 
1

.
2

7 

a
x

im
u

m
 

1 
. 6

1
 

1
. 
3

2
 

1
.

2
7 

1
.
2

4
 

1
. 2

3 
1

.2
5 

1
2

 
1

.6
0

 
1

. 3
3

 
1

. 2
6

 
1

.2
6

 
1

.
2

6 
1

. 
3

0
 

2
1

3
 

1
.5

8
 

1
. 
3

0
 

1
.2

4
 

1
.2

0
 

I
. 

2
1 

1
.

2
3 

7
/8

 
1

. 
5

4
 

1
. 2

3
 

1
.2

7 
1 

. 
1 

5 
1 

. 
1

7 
1 

. 1
9 

a
x

im
u

m
 

1 
. 

5
2

 
1

.2
6

 
1

. 
2

0
 

1
.
1

8
 

1 
. 
1

8
 

1 
. 

2
1 

5 
1

/
2 

1
.
6

6
 

1
. 
3

8
 

1 
. 

3
1

 
1

. 3
2 

1
. 2

3 
1

. 4
4

 

2
1

3
 

1
. 6

8
 

1
. 3

G
 

1
. 2

6
 

1
. 

2
4 

1
.2

4
 

1
.

2
7 

1
8

 
1

. 6
3

 
1

.
3

2
 

1
.2

4 
1

. 2
2

 
1

.
2

2
 

1
.2

4 

a
x

im
u

m
 

1
. 5

9
 

1
. 2

7
 

1
.2

0
 

1 
. 1

8
 

1
.

1
7 

1
. 1

9
 



V
e
lo

c
it

ie
s
 

fo
r 

V
a

r
ia

b
le

 
S

p
ee

d
sa

 
C

o
n

't
. 

S
u

b
j
e
c
ts

 
S

p
ee

d 
1

0
 

m
 

2
0

 
m

 
3

0
 

m
 

4
0 

m
 

5
0

 
m

 
6

0
 

m
 

6 
1

/
2 

1
.7

7
 

I
. 4

3
 

I
. 

3
2

 
I 

. 
3

1 
1

.3
0 

I
. 
3

8
 

2
/3

 
1

.7
8 

I
. 4

6
 

1
.3

6
 

I
. 

3
2 

I
. 
3

6
 

I
. 4

0 
7

/8
 

I 
. 

7
1 

1
.

3
7 

I
. 
2

6
 

I
. 2

6 
I

. 
2

7 
1

.3
0 

M
ax

im
um

 
1

.6
8

 
I

. 
3

3
 

1
.2

8
 

1
.2

5
 

I 
. 

21
 

I
. 

2
7 

1
/2

 
2

.0
1

 
I

. 
6

8 
1

.5
7 

1
. 6

0
 

I
. 
6

2
 

I 
. 

51
 

2
/3

 
1

.8
4 

I
. 
5

3
 

I
. 4

5
 

I
. 4

3
 

I
. 
3

8
 

I
. 4

5 
7

/
8 

1
.7

8 
I

. 4
5

 
1

.
3

8
 

I
. 

3
7

 
1

.3
3

 
1

.3
7 

ax
im

u
m

 
1

.7
0

 
I

. 
3

9
 

I
. 
3

3
 

1
.3

4
 

1
.3

3
 

1
.3

6
 

(J
) 

8 
1

/2
 

1
.6

0
 

I
. 
3

6
 

I
. 

2
7 

I
. 

2
5 

1
.2

4
 

I
. 

2
7 

()
1

 

1
3

 
I

. 
6

3
 

1
.2

6 
I

. 
2

2
 

1
.2

0 
I 

. 
1

9
 

1
.2

2
 

7
/8

 
1

. 6
0

 
1

.2
4

 
I 

. 
1

8
 

I 
. 
1

6
 

I 
. 
1

6
 

I
. 
1

8
 

1a
x 

ir
nu

m
 

I
. 
5

8
 

I 
. 

2
6 

1 
. 1

6
 

1 
. 1

8
 

I 
. 
1

6
 

I 
. 
1

8
 

9 
1

/2
 

I
. 6

9
 

1
.4

9
 

1
.4

2 
1

.3
6

 
I

. 
3

8
 

I
. 

3
9

 
2

1
3 

I
.G

4
 

1
.3

8
 

I
. 

3
2 

1
.2

7 
I

. 
2

5
 

I
. 
3

0
 

7
/

8 
1 

. 5
1 

1 
. 3

1
 

1
.2

0
 

1
.2

0
 

1 
. 1

9 
1

.2
3 

~
a
x
 i

rr.
um

 
1 

. 
5

2
 

1 
. 2

2
 

1
. 2

2
 

I 
. 

1
7 

I 
. 
1

7
 

I 
. 

2
1 

i\1
c 

a
n 

1
/2

 
1 

. 7
1

 
1 

. L
:-3

 
1

. 3
5

 
I

. 
3

5
 

1
. 3

3
 

1
.3

7 

2
1

3
 

1
.6

7
 

1
. 3

7
 

1
. 3

0
 

1
.2

8
 

I
. 

2
7 

I 
. 

31
 

7
/8

 
1 

. 6
3

 
1

. 3
3

 
1 

. 
2 

5 
1

. 2
3

 
I

. 
2

3 
I

. 
2

5 

''la
x

 i
m

um
 

I
. 
6

0
 

I
. 
2

9
 

1
.2

3
 

I
. 

2
2

 
1

.2
0

 
1

.2
4 

a
so

c
c

d
s 

r
o

o
o

r
tc

d 
in

 
se

c
o

n
d

s 



BIB LIOGRAP HY 



BIBL IOGRAPH Y 

Borg , G . A . V ., & Noble, B . J . E xe r cise a n d s port scie n ce 
r eviews . New Yo rk : A c ad e mi c Pr ess , 1 974 . 

Cor n e tt , Z . De t e rm in atio n of maxim um s peed of moveme n 
among fema le s pr inte r s . Un p u blis h e d ma ste r ' s thesis , 
T exas Woman ' s Un i v e r sit y, 1 976 . 

Ekblom, B ., & Goldbarg , A . N . Th e i n fl u e n ce of phy s ic 1 
traini n g and ot h e r factors on th s ubje c iv • r ali 
of perceiv e d tra i nin g . Acta Phy s iological Scandj-
n avia , 1 973 , ( 8 3 ) , 399-406 . 

H o 1 me r , G . De v e l o p me n t in r u n n i n g . T r a c k T e c 11 n i g u 
Decemb e r , 197 2 , ( 50) , 1r-: 8 11 - 1'185 . 

Ho ffm a n , K . S t r i d e l e n g t h a d f ,~ q u c n c y o f f · rn J s p i. t ' r· 
Tr ack T cc hni (j u e , J un e , I 7 ? , (48) , ·t~ ?? -1~ ~'11 . 

Karobli s , P . , K r a sait ne , /\ . , Kra s ai is , /\ . Tc•m o runni.n9 . 
Tl~ack T ec hn iq u e , Fall , 1978 , ( 7 3) , 33 - :.:33 7 . 

Logan , G . , & M c K i n n e y , w . K in e ~, j o ~ . n ubuqu I o ·:a : 
Wm . C . Br ow n Co . , 1 9 7 0 . 

Ne el , S . Phy sio l ogy an d iomec h a ni c<- of 
a n d Fi e ld Qu art rly Rcvjew , S umm e r , 

Os oli n, E. Sp ee d en du ra n ce . 
1 9 7 3 , ~ (1) , 30- 3 2 . 

s i l 

19 80 , 
i 
(80) , 

T <t C k 
6-[) . 

Osol in , N . 
1971' 

How to i mprov e s pe e d . 
( 4 4 ) , 1 400 - 1401 . 

Tra ck Tcc hni c ue , J n e 

Ota s on , J. 
197 6 , 

Pe trov s k i y, 
1 973 ) 

Sp r in ti ng a la Finla d . 
(63 ) , 1 999 . 

v . Guid e o s rin ing . 
( 2 6 ) , 17-1 9 . 

Tra ck Tec hn ique> I r •. arch I 

Ru ugu st 

Schmol i n s k y , G . Tr ack and fi ld . ( I. .ode , t r a s . ) 
G e l~ m an y , Pu bli s h "! d ur 1dcr' the a u s pi c s of th 0"'1' fo;' 
T rack a n d Field , L e ipzig Coll e ge of P y s · cal Cu Lu e 
1 97 8 . 

6 7 



68 

Sloc um, D., & J ames , s . Biomechani cs in runn i ng . J o u rnal 
of t h e America n Me di c al Associ at io n, Se p te mb e r, 1968 , 
( 2 05) , 97-104 . 

Tabas h c hni kov , B. Spr i n t probl e ms . 
1978 , (7 3) , 2 335- 2 337 . 

Trac k T c hn iq ue , Fall , 


